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© Apparatus and process for reagent fluid dispensing and printing. 



A system for printing and dispensing chemical reagents in precisely controlled volumes onto a medium at a 
precisely controlled location. A jetting tube, comprising an orifice at one end and a fluid receiving aperture at the 
other end. is concentrically mounted within a cylindrical piezo-electric transducer. The fluid receiving aperture is 
connected to a reservoir containing a selected reagent by means of a filter. The reservoir is pressurized by a 
regulated air supply. An electrical signal ol short duration is applied to the transducer. The pulse causes the 
^transducer and the volume defined by the jetting tube to expand, thereby drawing in a small quantity of reagent 
^ fluid. The cessation of the pulse causes the transducer and the volume of the jetting tube to de-expand, thereby 
causing at least a substantially uniformly sized droplet of reagent fluid to be propelled through the orifice. The 
droplet may be directed to impact a p rinting medium or collected in a dispen sing recepticle, 
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apparatus' AND PROCESS FOR REAGENT FLUID DISPENSIl5<S ANbVhimiNG 



BACKGROUND OF THE INVENTION 

The present invention relates to an apparstus and process for dispensing and printing reagent fluids, 
wherein a transducer is used to propel small quantities of the fluid towards a posrtioned target 

Diagnostic assays often require systems for metering. dispensir>g and printing reagent fluids. In the 
case of metering and dispensing, such systems comprise both manual and automatic means. For purposes 
of practicality, the present background discussion wiil focus on the methods of metering and dispensing 100 
micro-lrter volumes or less. 

The manual systems of metering and dispensing include the glass capillary pipet the micro-pipet the 
precision syringe; and weighing Instruments. The glass capillary pipet is formed from a precision bore glass 
capillary tube. The pipet typically comprises a fire blown bulb and a tubular portion fire drawn to a fine 
point Ruid is precisely metered by aspirating liquid through the tube into the bulb to a predetermined level 
indicated by an etched mark. The fluid may then be dispensed by blowing air through the tube. 

The micro-pipet typically comprises a cylinder and a spring loaded piston. The travel of the piston is 
precisely determined by a threaded stop. The distance the piston travels within the cylinder and the 
diameter of the cylinder define a precise volume. The fluid is aspirated into and dispensed from the micro- 
pipet in precise quantities by movement of the piston within the cylinder. 

The precision syringe generally compmses a precisely manufactured plunger and cylinder with ac- 
curately positioned metering marks. The fluid is introduced into and dispensed from the syringe by 
movement of the plunger between the marks. 

Weighing techniques for dispensing fluids often simply involve weighing a quantity of fluid. The density 
of the fluid may then be used to determine the fluid volume. 

Exemplary automatic metering and dispensing systems include the precision syringe pump; the 
peristaltic pump; and the high performance liquid chromatography (HPLC) metering valve. The precision 
syringe pump generally comprises a precision ground piston located within a precision bore cylinder. The 
piston is moved withtn the cylinder in predse increments by a stepping motor. 

The peristaltic pump comprises an elastomeric tut>e which is sequentially pinched by a series of rollers. 
Often the tube is placed inside a semi-circular channel and the rollers mounted on the outer edge of a disc 
driven by a stepping motor. The movement of the rollers against the tubing produces peristaltic movement 
of the fluid. 

The HPLC metenng valve comprises a defined length of precision inner diameter tubing. The fluid is 
Introduced into the define volume of the tubing with the valve in a first position and then dispensed from the 
tubing when the valve is placed m a second position. 

All of the above metering and dispensing systems have the disadvantage thai the volumes dispensed 
are relatively large. Furthermore, these systems are also relatively slow, inefficient and comprise precision 
frtted components which are particularly susceptible to wear. 

The printing of reagent fluids is frequently required in the manufacture of chemical assay test strips. 
Selected reagents are printed tn a desired configuration on strips of filter paper. The stnps may then be 
used as a disposable diagnostic tool to demrmine the presence or absence of a variety of chemical 
components. 

•Generally, to perform a chemical assay with a test stnp. the strip Is exposed to a fluid or a series of 
fluids to be tested, such as blood, serum or unne. In some instances, the strip is nnsed and processed with 
additional reagents pnor to t>eing interpreted. The precise interpretation depends on the type of chemical 
reactions involved, but it may be as simple as visually inspecting the test strip for a particular color change. 

The manufacture of test strips generally involves either a manufacturing process or a blotting process. 
The blotting process is the simplest manufacturing method and permits most reagents to be applied without 
modification. A disadvantage of this process is that it is difficult to blot the fluids onto the test strip with 
precision. 

The printing process will often involve any of three well known methods: silk screening: gravure: and 
transfer printing. The silk screening of reagents generally involves producing a screen by photograohic 
methods in the desired configuration for each reagent to be printed. The screen is exposed under light to a 
preselected pattern and then developed. The areas of the screen which are not exposed to light, when 
devel oped, become porous. However, the areas of the screen which have been exposed to light remain 
relatively nonporous. The screen is tiien secured in a frame and the test strip placed below. The desired 
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reagent fluid, ^pecialfy preparoc^to have a high viscasity, J«*5pfead ovarjne tPp^ioe of the screen. The 
reagent passes through the porous areas of the screen and onto the test strip. The lest strip is then 
subjected to a drying process, specific to each reagent Once the test strip is dry, rt may be printed again 
.using a different screen, pattern and reagent 

The gravure method of printing reagents comprises coating a metal surface with a light sensitive 
polymer. The polymer is exposed to light in the desired predetermined pattern. When developed, the 
polymer creates hydropjhilic and hydrophol?ic regions. The reagent is speciaJly prepared such that when 
applied to the metal K will adhere only to the hydrophiiic regions. After the specially prepared reagent is 
applied, the test strip is pressed against the meta! ar^d the reagent is transferfed from the metal to the test 
stnp. 

The transfer printing method comprises transferring the reagents from a die to the test strip in the 
desired pattern. The die is made with the appropriate pattern on its surface and then coated with the 
desired, specially prepared reagent A rubber stamp mechanism is pressed against the die to transfer the 
reagent In the desired pattem from the die to the rubber stamp. The rubber stamp is then pressed against 
the test strip to transfer the reagent, in the same pattern, to the test strip. 

Each of the above-mentior>ed reagent printing techniques has significant disadvarrtages. The most 
common disadvantage is the requirement that the reagents must be specially prepared. Additionaliy, if a 
variety of reagents are to be printed onto a single test strip, the strip must be carefully aligned prior to each 
printing. This alignment procedure increases the cost and decreases the throughput of the printing process. 
Moreover, a special die or screen must be produced for each pattem to h>e printed. A further disadvantage 
arises in that the above printing methods are unable to place reproduceoble minute quantities of reagent on 
the test strip. 

It is an object of the present invention to provide a printing and dispensing method and apparatus which 
avoids these disadvantages. 



SUMMARY OF THE PRESENT INVEhfTlON 



The present invention is directed to a reagent dispensing and printing apparatus and method, wherein 
00 the apparatus comprises a transducer operative to eject a substantially uniform quantity of reagent in a 
precise predetermined direction. 

According to one preferred embodiment of the present invention used in dispensing reagent fluids, a 
* jetting tube is concentrically located with a piezoelectric transducer. The jetting tube comprises ah orifice at 
one end and a reagent receiving aperture at the other end. The receiving end of the jetting tube is 
35 connected to a filter which is in turn connected to a reservoir containing a selected reagent. A jetting control 
unit supplies an electrical pulse of short duration to the transducer in response to a command issued by a 
computer. The electrical pulse causes the volume deftned by the jetting tube to expand by an amount 
sufficient to intake a small quantity of reagent fluid from the reservoir. At the end of the pulse duration, the 
transducer de-expands propelling a small quantity of the reagent fluid through the orifice and into a fluid 
40 recepticle. If desired, additional droplets may be deposited in the recepticle or the recepticle aligned with an 
additional jetting tuk>e for receiving an additional reagent fluid. 

An additional preferred embodiment of the present invention may t>e used for printing reagent fluids 
onto a print medium. In this embodiment the jetting tube is aligned with the printing medium such that the 
propelled droplet impacts a precise position on the medium. The jetting tube or prim medium may then tse 
45 repositioned and another droplet expelled from the jetting tube. The process may be reposie6 until a 
desired configuration of the reagent fluid is printed on the medium. 

One advantage of the present invention is that precise minute quantities of reagent fluid may be 
dispensed or printed in a reproducible manner. Additionally, the method and apparatus may be used to 
emit droplets of fluids having a wide range of reagent fluid viscosities and surface tensions. The reagents 
60 do not in general have to be specially adapted for use with the present invention. 

The invention itself, together with further objects and attendant advantages, will t^est be understood by 
reference to the following detailed description, taken in conjunction with the accompanying drawings. 
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BRIEF DESCFflPnOhT OF THgPRAWINSS 



FIGURE 1 Is a schematic representation of a first prefenred embodiment of the present invention 
showing the use of multiple jetting heads to meter and dispense reagent fluid. 
6 RGURE 2a Is a perspective view of a first preferred embodiment of the jetting head of the present 

Invention, 

RGURE 2b is a cut-away perspective view of the preferred embodiment of Fig. 2a taken along lines 
2b-2b with the contact pirw removed. 

RGURE 2c Is a sectionaJ representation of the preferred embodiment of Ftg. 2a taken along lines 2o 

70 2c. 

FIGURE 2d is a sectional representation of the pre^ened embodiment of Fig. 2c taken along lines 2d* 

2d. 

FIGURE 2e is a sectional representation of the jetting tube and transducer of the preferred 
embodiment of Rg. 2b taken along lines 2e-2e. 
75 RGURE 3 is a schematic representation of a second preferred embodiment operating in the drop on 

demand mode as a reagent printing system, 

RGURE 4 is a schematic representation of a third preferred embodiment operating in the continuous 
mode as a reagent printing system. 

RGURE 5a Is a schematic representation of a portion of the jetting head control unit showing the 
so LEO strobe circuit 

RGURE 5b is a schematic representation of a portion of the jetting head control unit showing the 
high voltage power supply circuit 

RGURE 5c is a schematic representation of a portion of the jetting head control unit showing the 
print control circuit 

2S RGURE 5d Is a schematic representation of a portion of the jetting head control unit showing a 

portion of the print pulse generator. 

RGURE 5e is a schematic representation of a portion of the jetting head control unit showing an 
additional portion of the pulse generator. 

RGURE 6a is a perspective view of a second preferred embodiment of the jetting head of the 
30 present invention. 

FIGURE 6b is an exploded view of the preferred embodiment of Rg. 6a. 

FIGURE 7 is a sectional representation of a third preferred embodiment of the jetting head of the 
present invention, 

FIGURE 8 is a sectional view of a symmetrical portion of a fourth preferred embodiment of the jetting 
35 head of the present invention. 

FIGURE 9 is a graph of the drop mass of the emitted droplets as a function of emission frequency foe 
several fluid viscosities. 

FIGURE 10 is a graph of the velocity of the emitted droplets as a fur>ction of frequency for several 
fluid viscosities. 

40 RGURE 11 is a graph of the total weight of fluid emitted as a function of the number of emitted 

droplets for a given fluid. 



DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

Turning now to the drawings. Fig. 1 shows a schematic reoresentatton of a first preferred cmoooimenl 
of a reagent dispensing system generally represented as reference numeral 30- The dispensing system 30 
comprises a plurality of reagent fluid reservoirs 200. a plurality of filters 300, a plurality of reagem letnng 
heads 400. a plurality of jetting head control units 500, an interface unit 600. a computer 700. transportation 
50 unit 902. a plurality of fluid mixing celts 904 and a detection station 906. 

The reservoir 200 hoids a selected ouantrty of reagent fluid for dispensing. The reservoir 200 is 
maintained at atmospheric pressure by suitaole means such as an atmospheric vent. The reagent fluid is 
transferred from the reservotr 200 through the filter 300 to the reagem jetting head 400. The filter 300 is 
placed between the resen/oir 200 and the jetting head 400 to ensure that any particular foreign matter in the 
55 reagent fluid is trapped before entenng the jetting nead 400. 

The plurality of jetting heads 400 and the detection siation 906 define a processing path. Each jetting 
head 400. which is described in detail below, ejeas uniformly sized aroplets 2 of reagent fluid. Tne droplets 
2 are propelled, wrth controlled velocity and direction, towards a selecting mixing cell 904 positioned along 



4 



• • • ft*««*«4k 4* ..r*** 

* • ; ; 

the processing T>ath the traM^rtetiort unH 902. *rho mlffiitg colls &04 la/e ©«m>pHse<J of non-foactiv© 
material and function as minute holding tanks for the di$per\*ed reagent fluid. 

The plurality of letting heeds 400, shown in Fig. 1, are posttionod sequentiaily aJong the processing 
path. Alternately, some or ail of the plurality of Jetting heads 400 may be positioned with respect to the 
5 transportation unit 902 such that the heads 400 direct the droplets 2 into a selected mixing cell 802 
simuttar>eously. 

The jetting heads 400 and the transportation unh 902 are controlled by the computer 700. The 
computer 700 issues commands to an interlace unit 600 which is etectricalfy connected to the transportation 
unit 902 and to the jetting head control unit 500. The interface unit 600 is of conventional design and is 
10 used to control the transfer of information between the computer 700 and tine jetting control unit 500. The 
interface unit 600 is also used to control the transter of infomiation between the computer 700 and the 
transportation unit 902. 

A first emtxjdiment of the reagent jetting head Is shown in Rgs. 2a * 2e and generally represented by 

numeral 400, The jetting head 400 comprises a two piece symmetrical housing 402, 404. The housing 402. 
15 404. when assembled, is adapted to form an orifice aperture 406. an air vent and reagertt supply channel 

410 and a transducer chamber 403. shown in Fig. 4b. Four screws 408. adapted to respective housing 

screw apertures 416, hold the housing 402. 404 in an assembled configuration. 

The jetting head 400'furTher comprises a jetting tube 432. a piezo-electric transducer 434 arid a reagent 

fluid supply tube 430. The Jetting tube 432 defines a tapered orifice 433 at one end and a Huid receiving 
so aperture 431 at the other end for expelling and receiving fluid, respectively. The piezo-electric transducer 

434 Is cylindrically shaped and secured concentrically atxxjt the mid-region of the jetting tube 432 with 

epoxy or other suitable means. 

The piezo-electric transducer 434. shown in Fig. 2e, defines a first and second end and comprises a 

section of cylindrically shaped piezec^electric material 435. An inner nickel electrode 437 covers the inner 
25 surface of the cylinder 435. The electrode 437 wraps around the first end of the cylinder 435 a sufficient 

distance to enable electrical connection external to the cylinder 435. 

A second nickel electrode 436 covers tiie majority of the outer surface of the cylinder 435. The second 

electrode is electrically isolated from the first electrode 437 by an air gap at the face of the second end of 

the cylinder 435 and by an air gap on the outer surface of the cylinder 435 near the first end. When an 
30 electrical pulse Is applied to the first and second electrodes 437 » 436 a voltage potential is developed 

radially across the transducer material 435. The voltage potential causes the radial dimensions of the 

transducer 435 to change, which causes the volume defined by the transducer 434 to also change. 

The jetting tube 432 is positioned in the transducer chamber 403 such that the receiving end 431 

extends beyond the rearward end of the transducer 434. The receiving end 431 of the Jetting tube 432 is 
35 inserted into one end of a reagent supply tube 430. The supply tube 430 is sealingly held to the jetting tube 

432 by concentric teeth 412 formed by the housing sections 402. 404. The teeth 412 not only seal the 

supply tut>e 430 to the jetting tube 432. but, also, seal the supply tube 430 to the housing 402, 404. 

The second end of the supply type 430 passes through the channel 4iO and into a reagent reservoir 

200. The reservoir 200 contains the reagent fluid to fc>e dispensed by the jetting head 400. As the reagent 
40 fluid is dispensed, air is supplied to the reservoir 200 through the channel 410 to prevent tiie creation of a 

vacuum in the reservoir 200. The resen^oir 200 is releasabty attached to the housing 402. 404 and held in 

place by frictional forces. A reservoir cap 202 is flexibly attached to the reservoir 200 and adapted such that 

the cap 202 may be used to secure the opening in the reservoir 200 when the reservoir 200 is disengaged 

from the housing 402, 404. 

45 The position of the jetting tube 432 defines the horizontal plane of the jetting head 400. The jetting tube 
432 and the transducer 434 are held in a pre-defined vertical relationship with respect to the housing 402. 
404 by means of two upper vertical alignment pins 418 and two lower vertical alignment pins 418. The two 
upper vertical alignment pins 418 extend horizontally from the housing section 402 into the transducer 
chamt>er 403. Similarly, the two lower vertical alignment pins 418 extend horizontally from the housing 

so section 404 into the transducer chamber 403. Each vertical alignment pin 418 is formed integrally with the 
respective housing sections 402, 404, 

The jetting tube 432 and the transducer 434 are held in a predefined horizontal relationship with respect 
to the housing 402, 404 by means of four horizontal alignment pins 424. Two of the horizontal alignment 
pins • 424 extend horizontally from the housing section 402 approximately midway into the transducer 

S5 chamber 403. Similarly, two of the horizontal alignment pins 424 extend horizontally from the housing 
section 404 approximately midway into the transducing chamber 403. Each horizontal alignment pin 424 is 
formed integrally with the respective housing section 402. 404. The alignment pins 418. 424, sealing teeth 
412 and orifice aperture 406 ere aligned and adapted to hold the jetting tube 432 and transducer 434 such 
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that the ortfice 433 of tf\e jotting^Wbe 432 Extends Irrto^ ortfk» aperture 406-* » * . * 

An electrical transducer activation pulse is supplied to the piezo-electric transducer 434 from the jetting 
head control unit 500 by means of two contact pms 42Z A quantity .of fluid will be dispensed from the 
jetting tut>e for each applied activation pulse. The activation pulse can t>e produced by a variety of 

E corrvontional circuits or commercially available units. Therefore a detaited description, of such a circuit will 
not t>e provided. However, a circuit for producing a series of activation pulses Is provided In the description 
of the printing emtxxfiment below. Due to the dif fering coristraints involved in dispensing and printing, the 
circuit in the printing embodiment is not required to produce only a single pulse. However, one skilled in the 
art could, if desired, modify the drcuit to produce a single pulse on demand for use in the dispensing 

10 embodiment 

Each contact pin 422 defines an enlarged head 423 which is adapted to contact the respective first and 
second electrodes 437, 436 located on the outer surface of the transducer 434. Two contact pin holders 
414, integral with the housing 402, 404, are positioned to hold the respective contact pins 422 under the pin 
heads 423 such that each pin head 423 electrically engages the appropriate electrode 437, 436 of the 

IS transducer 434. Two contact pin engagirig posts 420 extend from the housing 402. 404 opposite the contact 
pin holders 414 to engage and hold the contact pins 422 against the contact pin holders 414. The ends of 
the contact pins 422 opposite the pin heads 423 extend through the housing 402. 404 by means of contact 
pin apertures 421. Since the housing sections 402, 404 are formed symmetrically to one another, the 
contact pins 422 may be optionally attached above the transducer 434. 

20 In operation, the reservoir 200 containing reagent fluid is fastened to the jetting head 400 such that the 
fluid supply tube 430 extends into the reagent fluid. The fiher 300 may be fitted to the free end of the 
supply tut>e 430 or posifioned inside the reservoir 200. Air is supplied through the channel 410 around the 
supply tube 430 to prevent the reservoir 200 from . falling below atmospheric pressure. The air is prevented 
from entering around the supply tube 430 and into the transducer chamber 403 by the seal created 

as between the sealing teeth 412 and the supply Xube 430. The jetting tube 432 may be primed by slightly 
pressurizing the reservoir 200 to cause the reagent fluid to travel through the supply tul>e 430 and into the 
jetting tube 432, Once primed, the fluid is prevented from sutistantiaJly withdrawing from the jetting tube 
432 by the surface tension of the reagent fluid at the orifice 433. 

The transducer activation pulse is conducted to the contact pins 422 of the jetting head 400. The 

30 contact pins 422 communicate the high voltage pulse to the electrodes 437, 436 of the transducer 434 with 
polartty such that the concentrically mounted transducer 434 expands. The rate of expansion is controlled 
by the rise time of the high voltage pulse which Is preset to generate a rapid expansion. The expansion of 
the transducer 434 causes the jetting tube 432. which is epoxied to the transducer 434, to also expand. The 
expansiori of the tube 432 generates an acoustic expansion wave interior to the tube 432 which travels 

35 axially towards the orifice 433 and .towards the fluid receiving aperture 431. When the expansion wave 
reaches the orifice 433. the reagent fluid is partially drawn inwardly. However, the surface tension of the 
fluid acts to inhibit substantia) inward fluid movement. 

When the expansion wave reaches the end 431 of the tube 432, the expansion wave is reflected and 
becomes a compression wave which travels towards the center of the piezo-electric tube 434. The high 

40 voltage pulse width is adapted such that when the reflected compression wave is beneath the piezo-electric 
tube 434, the high voltage pulse falls, resulting in a de-expansion of the transducer 434 and the jetting tube 
432. This action adds to the existing acoustic compression wave in the interior of the jetting tube 432. The 
enhanced compression wave travels toward the ori fice causing reagent fluid to be- dispensed from the tube 
432. The fluid is propelled from the orifice 433 as a small droplet 2 and deposited in the selected mixing 

45 cell 904 positioned by the transoortation unit 90Z One droplet 2 is dispensed for each transducer activation 
pulse. This mode of dispensing is referred to as the drop on demand mode. 

In some instances, the droplet 2 may be accompanied by at least one smaller satelite droplet. However, 
even K satelite droplets are present, the volume and velocity of the reagent droplets 2 are highly 
rcproduceable. This reproduceability allows for precise dispensing of uniform, controllabty sized droplets 2 

60 of reagent fluid into the mixing cell 904. 

The droplets 2 of reagents impaa the mixing cell 904 with sufficient force and volume to cause fluidic 
mixing of the reagents. Once the desired amounts of tne selected reagents are deposited in the selected 
mixing cell 904, mixing cell 904 is transported to the detection station 906 where the mixed reagenis may 
be extracted for use or analyzed for assay results. 

55 The dispensing system 30 provides numerous advantages based upon the ability of the reagent jetting 
head 400 to rapidly and reproduceabty eject uniform quantities of a wide range of reagents. Tne reaction 
times of some chemical processes are dependent upon the volume of tne reagents used. The ability of the 
dispensing system 30 to dispense such minute amounts of reagents thereby reduces the processing time 



6 



.1 : 0 268 237 

; ; ; • • 

Of certain chorflica! assays. Furtbormorer some cJwji&l *a5^s requir^j ^tjp^rar^t;© d dilution ratios. 
Many conventionaJ disperts'rng aystems are urwbie to dispense the reagents hi volunne small enough lo 
make the desired assay practicai. The dispensing system of the pres ent invention overcomes this 
disadvantage. 

5 In addition to dispensing reagent fluids, certain embodiments may be used for precision printing of 
reagents onto a printing medium such as fitter paper to produce an assay lest strip. A printing system 10 
using the present invention is represented in Bg, 3. Structure similar In fomn and function to structure 
descritjed above will be designated by like reference numerals. The printing system 10 comprises a 
reagent fluid reservoir 200. a filter 300. a reagent jetting head 4O0. b jetting head control unit 500. an 
10 interface 600. a computer 700, end an x-y plotter BOO. 

The x»y plotter BOO is a commerdally available pen plotter, mechanically modified in a conventional 
manner such that the pen is replaced with the jetting head 400. The general operation and structure of the 
plotter 800 will not be descrit>ed in detail. The plotter 800 accepts commands from the computer 700 thru a 
standard RS-232 serial interface contained within the interface unit 600. The plotter 800 processes the 
T5 commands and produces control slgrwls to drive an x-axis motor (not shown) and a y-axis motor (not 
shown). The x-axis motor is used to position the jetting head 400 and the y-axis motor is used to position a 
drum (not shown) to which the printing target 1 Is attached. 

The plotter 800 produces a pen down signal PENDN. This signal is applied to the control unit 500 and 
indicates that the plotter 800 Is ready to t>egin a printing operation, 
20 The control unit 500 also receives control signals froni the intertace unit 600. These signals include 
signals HICSHER*, LOWER' to control the magnitude Of the pulse applied to the transducer 434: a reset 
signal RST to reset the control unit 500: end a series of print signals PRT. The generation of these signals 
will not be described in detail since their production is performed by the conventional interface unit 600. 
The jetting head 400 and fluid supply system 200. 300 are Initialized and operate substantially as 
26 described above. The jetting head control unit 500, shown in Rgs. 5a - 5e comprises a print control circuit 
510. a puise generator 530, a high voltage supply 540, and a strobe pulse generator 560. The control unit 
500 also comprises a power supply. However, since the power supply is of conventional design it wilt not 
be shown or described in detail. 

The print control circuit 510 receives the pen down signal PENDN from the plotter 800 and comprises a 
30 transistor QlOO, a one-shot drcuit U100, two NAND-gates UiOI. Ul02. a line decoder multiplexer U107 and 
four inverters U103-U106. The pen down signal PENDN is applied to the base of the transistor QlOO by 
resistors R100. R101 and diode DIOO. The emitter of transistor Q100 is tied to ground and the collector is 
connected to the +5 volt supply by resistor R102. 

The one-shot U100 comprises inputs A, B and an output Q, The B input of the one-shot U100 is 
35 connected to the collector of the transistor QlOO and the A input is tied to ground. The time period of the 
pulse produced by the one-shot U100 is determined by a resistor R104, a variable resistor R 105 and a 
, capacitor CI 00. The output Q of the one-shot U100 is combined with the colleaor output of the transistor 
QlOO by the NAND-gate U101 and then inverted by the NAND-gate Ul02. The circuit is operative to 
produce an adjustable delay in the application of the pen down signal PENDN to the control unit 500. 
4c The line decoder U107 is circuited to function as a 3 input AND-gate. The output of the NAND-gate 
U102 is applied to the first input of the decoder U107; the print signal line PRT comprising a series of 
pulses from the interface unit 600 is applied to the second input; and a jetting head ON/OFF signal from 
switch S1 is applied to ttie third input. The inverter U106 inverts the output of the line decoder U107 to 
generate the print control signal PRT and the inverters U103-U105 invert the control srgnals LOWER'. 
4$ HIGHER', and RST signals, respectively. 

The high voltage supply 540, shown in Fig, 5b, provides -♦'175 volts DC to produce a maximum pulse 
of +150 volts peak to peak at the reagent jetting head 400. The high voltage supply 540 comprises 
differential amplifier U12 and transistors Ql, 02, Q13. 014. A stable reference voltage ol -2,5 volts DC is 
produced at the junction of a reservoir R13. conneaed to the -15 volt supply, and a diode CR6. connected 
50 to ground. The reference voltage is combined with a resistor R14 to produce an adjustable, stable voltage 
reference for the amplifer U12. The reference voltage is applied to the inverting input of the amplifier U12 
through a resistor Rll. The noninverting input of the amplifier U12 is connected to ground by a resistor 
R12, The amplifier Ul2. in combination with a feedback resistor RIO. produces an output signal proportional 
to the difference of the voltage reference signal and the ground potential, 
55 The output of the amplifier U12 is applied lo the base of the transistor 02 whose collector is connected 
to the volt supply. The signal produced at the emitter of the transistor 02 is applied to the base of the 
transistor 01 through resistors R8. R6. R5. a transformer Li and diodes CR4, CR2. CR1, The emitter of the 
transistor Oi is connected to ground and the collector is connected to the *15 voltage supply through the 
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transformer Ll.*A dlodb CR3 ctfrtfiects the collector p^tBoiijasfetof Ql to fr» {uncticm of the resistor R5 
and the diode CR4. The transistor Ql is biased tor proper operation by reststofs ft/» R6, R5. The resistor 
R7 and a capacitor C22 conr>oct the junction of the resistor R8. R6 to the +15 voKage supply. 

The transistor Ol and the transformer LI form a "Hyback* blocking osdilator. Any increase in current 
suppfied by the transistor Ql produces an increase in energy transferred through the secondary winding of 
the transformer L1 and diode CR5. Therefore* an increase in cunrent supplied by the transistor Ql resuits in 
an increase in power available to the high voltago output The diodes CR1-CR4 form a "Baker clamp" which 
prevents transistor Ql from saturating. The clamp thereby avoids transistor storage time. 

The diode CR5 is connected to a multiple pi filter fomied by the inductors L3. L2, capacitors C24. C21. 
C41 and resistors R29. The multiple pi filter attenuates ripple and switching spikes in the signal supplied to 
the transistor Q13 v^ich produces the high voltage output V+ 4. A resistor RB4 connects the base of the 
transistor Ql 3 to the emitter and to the resistor U29. The base is also connected to the collector of the 
transistor Q14 by a resistor R65. The base of . the transistor Q14 is connected to the +15 volt supply by a 
resistor R67 and to ground by a resistor R66, The emitter of the transistor Q13 provides a signal HV 
SENSE which is fed back to the inverting input of the amprrfier U12 through a resistor R9. The high voltage 
output V+ + is produced at the collector of the transistor Ql3. The proper biasing of the transistor 013 is 
provided by resistor R&4 and the biasing circuit comprising the transistor Q14» resistors R67. R66. R6S. 

The pulse generator 530, shown in Rgs. 5d, 6e. comprises an opto-isolator U18, a one-shot U23. a 
digital to analog (0/A) converter U30 and two binary counters U24, U25. The pulse generator 530 accepts 
control signals PHT, LOWER'. HIGHER*. RST and produces the activation pulse which is applied to the 
transducer 434. In nonnal operation, the PRT* control signal is supplied to the opto-isolator UlS by a jumper 
JMP between contact points E5. E6. The opto-tsolator U18 is of conventional design and comprises a light 
emitting diode (LED) circuit and a photo-element circuit A resistor R15 operates as the load resistor for the 
LED circuit of the isolator and a capacitor C25 suppresses transient noise on the voltage suooly to the 
Isolator U18. The output of the isolator U18 is applied to one input of the one-shot U23 whose time constant 
is adjustably determined by resistors R38. R25 and a capacitor C30. The pulse from the non-inverting 
output of the one-shot U23 is fed to the base of a transistor 09, A resistor R39 sets the approximate base 
. cun-ent of the transistor Q9 which is used as a level shifter tor converting the CMOS signal level to the +15 
volt DC signal level. 

The control of the rise and fall rates of the pulse generator 530 is accomplished by directing a pair of 
cun-ent source transistors Oil. Q12 to charge and discharge a capacitor C57. The transistor Oil is 
operative as a source of cun-ent and the transistor 012 Is operative as a sink for cunent. A transistor QIO 
controls the level of the cun-ent by applying an appropriate bias current through a resistor R56 to the base 
of the transistor Q11. The biasing of the transistors Q11. 012 is critical to the proper rise and fall rates. 
Therefore precision voltage references CRT 3. CRT 5 are used to provide respective bias reference voltages. 
A temperature compensahon network is formed from zener diodes CR14, CR16 and resistors R55. R54 to 
maintain stable operation of the transistors Oil, 012. respectively. The variable resistors R49. R52 may be 
used to adjust the tall time and rise time, respectively, of the output pulse applied to the reagent jetting 
head 400. A plurality of resistors R45. R46. R47, R48, R49. R51, R52, R53, R56. R57, R58 are used to 
properly bias the transistor QIC. Q11, Q12 and capacitors 055, C60 are circuited to maintain stability of the 
arcuit 

The Impedance of the output stage of the rise and tall circuitry QIO. Oil, Ql 2 is very high. With such a 
high impedance, circuit elements attached to the capacitor 057 could affect the linearity of the rise and fall 
time constants. Therefore, an FET input operational amplifier U32 is used as an impedance interface. The 
amplifier U32 is configured in the noninverting mode and arcurted with capacitors 058, CSS for stability. 

*The output of the"amplifier U32 is applied to an inverting amplifier U31 by means of a resistor R62, The 
amplifier U31 inverts and conditions the pulse control signal vrith the aid of resistors R59, R60. Resistors 
RBI. R53, connected to the -15 voltage supply, provide a means for adjusting the DC level offset of the 
amplifier U31 output signal. Capacitors 051 , C52 are connected to enhance the performance and stability of 
the arcuit 

The output of the amplifier U31 is applied by means of a resistor R41 to the positive voltage reference 
signal input RER + ) of the D.A converter U30. The negative voltage reference signal input REF(-) is tied to 
ground by a reststor R40. The D/A converter U30 produces output signals lOUT. lOUr which are 
proportional to the difference between the positive and nega tive voltage reference signal inputs REF{ + ). 
i REF(-). Capacitors C48, C49. C50 are connected to the D A converter U30 to enhance staoility. 

The D/A converter outputs lOUT. lOUT are also proportional to an 8-bit binary value applied to inputs 
B1-B8. The binary value is supplied by the counters U24. U25 which are controlled by the function signals 
LOWER'. HIGHER' and RST. The LOWER' signal and the HIGHER* signals are applied to the count up and 
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count down Inpute CU. 6d of the'ciunter U24 by mem of op^o-isolators Ua3.Tj?<P«T?w can7 and borrow 
outputs CY. BR of the countBr U24 are connected vrfth the count up and count down inputs CU, CD of the 
counter U25, The reset inputs RST of both counters U24, U25 receive the RST Eignal by means of an opto- 
isolator U21, Resistors R16, R17. R18 are used as load resistors for the LED circuits of the isolators U19, 
U20, U21 and capacitors C26, C27, C28 are used to enhance the stability of the isolator circuits. 

The counters U24. U25 may optionaJiy t>e preloaded to the selected 8-bit binary value through input 
lines TP0-TP7. The input lines TPO-TP? are nonnaily biased to the togicat high signal state by resistive 
network U22. The selected binary value is toaded into the counters U24. U25 by pulling the respective 
inputs TP0-TP7 low and applying an extemaJ, active low. load signal EXT LOAD* to pin TPS. The load signal 
pin TPS is connected to the load inputs LOAD of the counters U24, U25 and conditioned by a dipping 
circuit comprised of diodes CR9, CR10 and a pulKup resistor of the resistor network U22. 

The noninverted and the inverted outputs lOUT. lOt-TT are connected to the inverting and noninverting 
inputs of a differential amplifier U29. The output of the ampliHer U29 is ted back to the invert ing input by a 
resistor R50. The amplifier U29 converts the current output of the D/A converter U30 to a voltage output 
Capacitors C56, C47 are provided to enhance circuit stability. 

The output of the amplifier U29 is applied to the noninverting input of the amplifier U28. The output of 
the amplifier U28 is fed back to the inverting input by means of a capacitor C46 and a resistor R37. The 
inverting input is also connected to ground by a resistor R36. To enhance the frequency response of the 
amplifier U28, a resistor R43 and a capacitor C54 are connected between the frequency compensation input 
FC and ground. An adjustable DC offset is provided by connecting the output offset inputs OF. OF with a 
variable resistor R42. The wiper of the resistor R42 is connected to the high voftage power supply output 
V+ ■»-. 

The output of the amplifier U28 is aJso connected to the base of a transistor 04 and through diodes 
CR11, CR12 to the base of a transistor 07. The transistor 04, 07, 03 and resistors R30-Ra5 form an output 
circuit capable of driving high capacitive loads at high slew rates and wide bandwidth. The variable resistor 
R31 may be used to set the maximum current through the bias networi? R30, R33 by measuring the voltage 
drop across resistor R35. 

The strobe generator 560 produces a strobe pulse and comprises transistors O101-Q105 and a one- 
shot circuit U108, The strot>e intensity is determined by the circuit comprising the transistors Ql 01 -01 04 
and resistors R109-R115. The circuit is connected to the anode of the LED 900 and receives two inputs 
from the interface unit 6O0 to produce four levels of light intensity in the LED 800. 

The activation aand duration of activation of the LED 900 is determined by the one-shot U108 and the 
Vansistor 01 05. The one-shot U108 comprises inputs A, B and an output O, The strobe signal STROBE is 
applied to the B input from the interface unit 600. The duration of the one-shot U108 output pulse is 
controlled by the adjustable RC network R107. R108. The output 0 is applied to the base of the transistor 
01 05 by resistor R108, The collector of the transistor 01 05 is connected to the cathode of the LED 900 to 
draw cun-ent through the LED 900. 

The computer 700, control unit 500 and plotter 800 must t>e initialized. The initialization of the computer 
700 and the plotter 800 will not be discussed since these units are of conventional design and operation. 

To initialize the jetting head control unit 500. the computer 700 directs the interface unit 600 to issue a 
reset command. The reset signal RST is conducted to the control unit 500 whereupon the counters U24. 
U25 are cleared. The computer 700 then retrieves from its memory, or by conventional operator input, the 
desired digital setting for the D/A converter. This setting may also be calculated from data and may be 
tailored to specific sizes of jetting heads 400 or reagent fluids. The computer 700 then issues a series of 
commands, through the interface unit 600. to increment or decrement the counters U24. U25 to correspond 
to the desired binary setting. If the command directs that the counters are to be raised, trien the HIGHER' 
signal is applied through the opto-isolator U20 to the count up CU input of the counter U24. Similarly, if the 
command directs that tne counters are to be lowered then the LOWER' signal is applied through the opto- 
isolator U19 to the count down CD input of the counter U24. Since the canry and borrow outputs CY. BR of 
the counter U24 are connected to the count up and count down inputs CU. CD, respectively, of the counter 
U25, the digital setting applied to the D/A converter U30 may range from 0 to 255. Alternately, the counters 
U24, U25 could be initialized to a desired setting by loading the binary value on the lines TP0-TP7 and 
strobing the EXT LOAD line. 

Once the control unit 500 and the plotter 800 are initialized, the printing cycle may begin. The computer 
700 issues a command to the interface unit 600 to produce the series of PRT signal pulses. The computer 
700 then commands the plotter 800 to pnnt, for example, a line along a selected path. The plotter. 800 
positions the jetting head 400 and target 1 and issues the pen down signal PENDN. The signal is delayed 
by the print control circuit 510 to ensure that the target 1 is property positioned. At the expiration of the 
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delay, the signaTls ANOed with the dosed^enabto stifttcb^l awl ^ eoriesjoj print putees PRT, The resurt 
of the AND operation Is the application of the PHT pulse« to the pulse generator c?rcuTt 530. 

The PRT signal Is eppCed through the jumper JMP to the opto-isolator U18 and then to the one-stxrt 
U23. The one-shot U23 produces a pulse signal which is then converted from CMOS signal levels to the 15 

6 volt DC sigrxal level by the transistor Q9. The rise and fall drcuitry comprising QIO. Oil, Q12 converts the 
square wave pulse into a pulse having the rise and fall characteristics preset by the resistors R49, RS2. The 
condHiorted pulse Is then ampRfied by the amplifier U32 and applied to the ampnfier U31. 

The amplifier U31 converts the polarity of the cor>ditioned pulse to that acceptable by the D/A converter ' 
U30 and supplies an adjustabte DC offset The DC offset is used to counteract possible distortion 

70 attributable to the amplifier U31. The distortion arises in that, for the amplifier U31 to t>e adequately 
responsive, a small degree of current must flow through the resistor R41, This. current creates an oftset 
condition at the output of the amplifier U29 which is then scaled by the D/A converter U30 in conrespon- 
dence with the binary data. The resistor R63 allows a small amount of current to be applied to the amplifier 
U31 to control the offset voltage attributable to the current flowing through the resistor R4i . 

75 The D/A converter U30 scales the difference between the inputs REF( + ), REF(-) using the binary data 
supplied to input lines B1-B8 to produce a current output pulse lOUT and a current inverted output pulse 
lOirr. The two outputs lOUT, lOUT* are fed to the ampRfier U29 which convert the cument outputs into a 
single voltage output The scaled, conditioned pulse Is then applied to the output circuit comprising the 
amplifier U28 and the trar^sistors Q3. Q4, Q5. Q6, Q7. The circuit produces a high voltage pulse with the 

50 aforementioned rise and fall characteristics to drive the piezo-electric transducer 434. 

The high voltage pulse Is applied to the transducer 434 and causes a droplet 2 of fluid to be propelled 
onto the target 1. Since the pen down signal PENDN Is stitl applied, additional droplets 2 are produced from 
the jetting head 400. The plotter 800 moves the jetting head 400 and target 1 along the desired path during 
the emission of the droplets 2 to produce the desired printed line. When the printing is complete, the plotter 

25 BOO removes the pen down signal PENDN and the droplet emission stops. Of course it should be 
understood that dots, circles and the Wke could be produced by appropriate positioning of the target 1 and 
Jetting head 400. 

The size and uniformity of the droplets 2, as well as the presence of any satelite droplets, may be 
observed with the aid of the scope 950 and the LED 900. The scope 950 and the LED 900 are positioned 
30 such that the droplets 2 pass between the scope 950 and tne LED 900 and within the focal range of the 
scope 950. The strot)e pulse when applied to the LED 900 causes the t-£D 900 to momentarily flash. The 
timing of the activation and the width of the pulse may be adjusted such that the flash occurs when the 
fluid, expelled in response to the high voltage pulse, is between the scope 950 and the LED 900. The 
disperised quantity of fluid may then be observed in flight or at or near the momement of separation from 
35 the orifice 433. Connections based on tne observation may then be made to the system 10. . 

' Since each droplet 2 is small in volume, the droplet 2 may be rapidly absortjed oy the target i . thereby 
. allowing rapid and precise placement of a variety of reagents on the target 1 with reduced drying time and 
reduced potential of fluidity mixing. In addition, the ability to place small droplets 2 in a precise manner 
enables the target 1 to be printed in a high density matrix with a variety of reagents as isolated matrix 
40 elements. 

In some printing applications, particularly when printing fluids of flow viscosity and surface tension, it 
may be desirable to force the fluid through the Jetbng tube 432 under pressure ana allow the vibratrons 
produced by the transducer 434 to break the emitted fluid stream into precise droplets 2 Under thts mode 
of printing, the emission of droplets 2 can not be stopped by cessation of the tranducers acttvalion ouise 11 

45 is therefore necessary to prevent fluid emission by other means. One preferred means of momenianly 
stopping emission of the droplets is shown schem atically in Fig. 4. In this arrangement, structure simiia- to 
structure represented in Rg. 3 in form and function, is represented by like reference numerals. 

The arrangement, generally represented by the numeral 20. includes a closed reagent recirculation 
system comprising a normally close three way valve 970. a sump 960 and a recirculation pump 980. in the 

so continuous mode, the reagent fluid is forced out the orifice 433 by hydraulic pressure and broKen into a 
series of substantially uniform droplets 2 by movement of the transducer 434. A regulated, filtered air 
supply 1 00 is used to pressurize the reagent fluid reservoir 200. The reagent fluid within tne reservoir 200 
may optionally be agitated by a magnetic stirer unrt 990. This is especially useful for reagent fluids 
comprising suspended particles. 

65 The three-way valve 970 comprises a common channel, a normally open channel and a normally closed 
channel. The fluid is forced through the filter 300 and applied to the normally closed channel of the valve 
970. When the nonmally closed channel is closed, the normally open channel of the valve 970 functions as 
a vent for the reagent jetting head 400. The common channel is connected to the reagent supply tube 430 
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of the Jetting heSd 4O0.*n>e reageal supply tut)e 43€ri5 jjiSb &yiQ^©d to tho^wnj 96(h 

In operation, the normaJly closed channel is opened by an appropriate signal supplied by the computer 
700 which also closes the normally open channel. When the normaJly dosed channel Is opened, fluid is 
permrttod to pass to the sump 960 and to the Jetting head 400. The sump 960 collects the reagent fluid not 

6 transferred to the jetting head 400. The sump 960 supplies the collected fluid to the inlet side of the 
recirculating pump 980 which returns the fluid to the reservoir 200, The returrwd fluid is then mixed wtth the 
contents of the reservoir 200 and is available for redrculation. 

When operating in the continuous mode, rather than irrtenupt the continuous stream of print pulses to 
the Jetting head 4O0» the printing may be momentarily stopped by closing the normally closed channel of 

10 the valve 970. The closing of the normally closed channel stops the flow of reagent fluid to the jetting head 
400 and allows tt>e Jetting head 400 to vent to atmospheric pressure. With the fluid supply blocked, the 
transducer 434 is unable to expel further droplets 2, Thus. H positioning of the target 1 by the plotter BOO 
requires a longer time interval than the time between droplet 2 emission, the computer 700 may close the 
normally closed channel of the vaJve 970. The plotter 800 may then position the target 1 or position a new 

IS target 1 as desired. 

When printing, the active ingredient of the reagent is tailored to achieve a desired concentration per unH 
area on the target 1. However, to a certain extent the final concentration per unit area can be adjusted by 
varying the density of the droplets 2 printed on the target 1 . The preferred emtxxjiment is particulariy well 
suited to this application due to Its ability to print precise, discrete pels of reagent 
20 A second preferred embodiment of the Jetting head Is illustrated in Figs. 6a-6b and is generally 
represented as 400'. The Jetting head 400' comprises housing fonmed into three sections 401', 402'. 403'. 
The housing section 403' comprises a recessed region which forms the reagent fluid reservoir 200' when 
the housing section 403' is positioned against housing section 402*. 

The jetting head 400* further comprises a piezo-electric transducer 434' and a reagent jetting tube 432* 
25 similar to those of the first embodiment. The Jetting head 400' and the transducer 434' are most dearly 
shown in Fig. 6b. The jetting tut>e 432* defines an orifice 433' at one end and a reagent fluid receiving 
aperture 43V at the other end. The transducer 434* is mounted to the Jetting tutje 432* concentrically about 
the mid-region of the tutse 432' with epoxy. 

The transducer 434' and the jetting tube 432' are positioned in channels 420% 41 8*. 416' located in the 
30 housing sections 402*, 401', The channel 416* comprises a plurality of sealing teeth 412' operative to 
engage and seal against the fluid receiving end 431' of the jetting tube 432*. The channel 416* is connected 
to the reagent fluid supply channel 430*. The supply channel 430' Is connected with the fluid resen^oir 200* 
by means of an aperture 431' through the housing section 402*. shown in Fig. 6b. 

The reservoir 200' comprises a flexible reservoir lining 20V adapted to contain the reagent fluid. The 
35 lining 20V comprises one aperture which is connected to the housing 402' to allow the fluid to pass from 
the lining 20V. A vent (not shown), located in the housing 403'. allows the space between the reservoir 200' 
and the lining 20V to t>e vented or pressurized. A filter 300' is positioned within the aperture 202* to trap 
unwanted particulate foreign matter. 

Electrical pulses are supolied to the transducer 434' by means of two contact pins 422*. The pins 422' 
40 are inserted through respective apertures 419' of the housing section 402* and respective apertures 42V of 
the housing section 403'. Two thin electrically conductive strips 410', 41V. shown in Rg. 6b, are used to 
connect the transducer 434' with the contact pins 422'. A protective shield 405' extends from the housing 
position 403' to partially isolate the protruding portions of the contact pins 422'. 

The function and opwration of the jetting head 400' is similar to that of the Jetting head 400 and 
45 therefore will not t>e discussed in detail. The collapsible inner lining 20V of the reservoir 200 allows the 
jetting tufc>e 432' to t>e primed by pressurizing the resen^ir 200* through the vent 205'. Once primed, the 
jetting head 400' may be used as described above in reference to the jetting head 400. 

The jetting head 400' provides an advantage in that the entire fluidic system is contained in one 
housing. Such containment allows for fast and efficient replacement of the jetting heads without fluid 
50 contamination problems, 

A third preferred embodiment of the jetting head is shown in Fig. 7 and generally represented as 400'. 
The jetting head 4O0' comprises a housing 403'. a reagent fluid supply tut>e 406', a piezo-electric 
transducer 434* and an orifice ptate 404'. The housing 403* defines a conically shaped fluid chamber 432". 
An orifice plate 404*. defining an orifice 433", is fastened to the housing 403' such that the orifice 433' is 
55 located at or hear the apex of the conical fluid chamt^er 432*. 

The fluid feed tube 406* is attached to the housing 403' and defines a supply channel 430*. The supply 
channel 430' is in fluid communication with the fluid chamber 432" by means of a connecting channel 43V. 
The base of the fluid chamber 432* is formed by the disc-shaped transducer 434'. The transducer 434" is 
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held in position by a ho*d down plate 40r'teached to*ttw hoiwwg 403'. "nip.e?fecj'ic2l t»nnec tions to the 
transducer 434* are of conventional design and are therefore not shown. The housing 403* further 
comprises a threadad aperture 406* for mounting the jetting head 400* . 

The Jetting head 400* operates in a manner similar to the jetting heads described above. Howevisr, in 
this Jetting head the transducer 434' is nonnaily disk shaped. When the eiectricaJ pulse is applied, the 
transducer 434* bends slightly, thereby altering the volume of the conically shaped Jetting chamber 432*. 
The change in volume of the chamber 432* causes the expulsion of fluid through the orifice 433* and the 
intake of fluid through the supply channel 430* as described in reference to the jetting head 400. 

A fourth preferiBd embodiment of the jetting head is shown in Rg. 8 and is gerverally represented as 
400" . The Jetting head 400* Is very similar in fomi and function to the jetUng head 400 and will not be 
described in detail. The jetting head 400* comprises two symmetrica! housing sections. The sections may 
be connected together by means of apertures 409" and screws, not shown. When assembled, the housing 
sections 404-. 402* form a T-shaped supply channel 410" . 

In operation, the jetting head 400" functions in a manner similar to the jetting head 400, The jetting 
head 400* is especially suited for use In the continuous mode, but may also be used in the drop on 
demand mode. In the continuous mode, the fiuid is circulated continuously through the supply channel 430" 
allowing the jetting tube 432* to withdraw as much fluid as required. 

By way of illustrating and with no Hmitations intended the following information is given to further 
illustrate the above described embodiments. The computer 700 is an IBM Corporation Personal Computer 
with 640 kbytes of RAf^ memory. The interface unit 600 is a Bunr Brown interface unit model number PC 
20001 . The plotter 800 is manufactured by Houston Instrument as model number DMP-40. Communication 
between the plotter BOO and the interface unit 600 is perfonmed through a standard asynchronous serial 
communication port. 

The electrical pulse applied to the jetting head 400 to activate the transducer 434 comprises a rise time 
of approximately 5 usees, a fall time of approximately 5 usees and a pulse width of approximately 35 usees. 
When the transducer 434 is operated in the drop on demand mode, the voltage potential of the pulse ts 60 
volts plus or minus 10 vohs and the puise frequency can be up to 4 khz. When the transducer 434 is 
operated in the continuous mode, the voltage potential of the pulse Is 30 volts plus or minus 10 volts and 
the pulse frequency can be up to 10 khz. 

The jetting tube 432 Is manufactured from a pyrex glass tube and measures .027 inches outside 
diameter and .020 inches inside diameter. The tube is drawn to a closed taper in an electric furnace. The 
tapered end is then cut and ground to a desired orifice opening of .002 to .004 inches in diameter. The tube 
is cut to a final length of .945 inches in the case of the dispenser embodiment and ultrasonically cleaned m 
acetone. After being cleaned and dried the large end of the tube is fire polished. If desired, the orifice end 
of the tube may receive a coating, such as a hydrophobic polymer, to enhance droplet separation from the 

tube. ^ 

The supply tube 430 is formed from .023 inch inside diameter and .38 inch outside diameter 
polyethylene tubing produced by Intramedic Corp. as model numt>er #14 170 11B. During assembly, one 
end of the tubing is stretched over a warm tapered mandrel. The stretched end of the supply tube 430 is 
then inserted over the large fire polished end of the jetting tube 432. The assembly is then cleaned and 
baked in a circulating air oven at 50* C. for 10 minutes. 

The transducer 434 was purchased from Vemitron of Cleveland. Ohio as model number P2T-5H. The 
electrodes 437. 436 are composed of nickel and are separated from eacn other on the outer surface of the 
transducer by approximately .030 inches. The jetting tube 432 is inserted into ttie cylindrical piezo-electric 
lube 434 and secured with epoxy manufactured by Epoxy Technology of Bellenca. I^assachusetts as model 
number 301. The epoxy is apolied al the junciion of the tube 432 and Uansducer 434 with a synnge. The 
epoxy flows along the tube 432 inside the transducer 434 by capillary action. The assembly is then baked 
in a circulating air oven at 65 'C. for one hour to cure the epoxy. 

The contact pins 422 are secured to one of ttie housing sections 402. 404 with a drop of epoxy. The 
transducer jetting tube 434, 432 is placed in the housing such that the orifice end 433 of the tube 432 
protrudes approximately .030 inches from the housing 403. 404. A drop of silver epoxy is placed between 
each contact pin 422 and the transducer 434 to ensure a secure electrical connection. Epoxy is also applied 
to the junction of the housing 402. 404 and supply tube 430. The other section of the housing 402. 404 is 
then screwed into place. 

The periphery of the housing 402. 404 is sealed with a capillary sealer such as cyclohexanone. Epoxy 
is then added around each contact pin 422 and around the orifice end 433. The assembly is then baked in 
a circulating air oven at 65 'C. for one hour. 

The filter 300 is formed from a polyester mesh with 30 um pores and positioned in a polypropylene 
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bousing. The air prsssure supplied to the reservoir 200 during «nt)nuous psintjr>g f)»q(aTions is regulated at 
approximately 10 to 30 psi. 

The reagents used have the following characteristics; 
Printing (drop on denaand mode): 
5 Fluid viscosrty range: t * 30 centipoises 
Ruid surface tension: 20-70 dyne/cm 
Printing (continuous mode): 
Fluid viscosity rar>ge: up to 50 centipoises 
Fluid surface tension: not measured 
10 Dispensing (drop on demand mode)i 

Fluid viscosity range: 2 • 30 centipoises "^^ 
Fluid surface tension: 20 * 70 dyT>e/cm 

A measure of the performance and selected operating characteristics for a typical jetting head are 
presented in Figs. 9-11. Fig. 9 is a graph of the mass of a droplet as a function of droplet emission 
75 frequency for three fluids. The viscosity of the fluids were 1. 5 and 24 centipoise and the transducer 
excitation pulse width was 35 microseconds. As shown in Rg. 9, the higher fluid viscosity results in a more 
stable operating performance of the jetting head, Rg. 10 is a graph of droplet velocity as a function of 
droplet emission frequency for fluid viscosities of 1, 5 and 24 centipoise. The log of the total fluid weight as 
a function of the log of the number of droplets emitted is shown in Rg, 11. The fluid used has a viscosity of 
20 2 centipoise, a surface tension of 20 dynes^cm, and a density of .8 grams/cc. The transducer excitation 
pulse was 80 volts and the excitation frequency was approximately 71 1 Hz. 

Some blood typing reagents and some allergen reagents have very low viscosities and surface 
tensions. Although In some cases viscosity modifiers, such as glycerol, dextran. glucose, and the like, may 
be added to increase the viscosity, a few reagents are adversely affected by such modifiers. 
25 Developing stable and reproduceable demand mode jetting is difficutt with very low viscosities. 
Although droplet emission can be established at some fundamental frequencies, the di'Oplets dispensed 
may have small satelite droplets which reduce the accuracy for metering and dispensing applications. 
However, even with the satelite drops, sufficient reagent is adequately delivered for most print applications 
without a substantial decrease in print quality. 
30 Glycerin may be used as a viscosity modifier to improve jetting reliability and to prevent obstruction of 
the orifice arising from evaporation of the reagent fluid components. Glycerin has been found especially 
beneficial for those reagents containing particulate material. The evaporation of the fluid component results 
in a concentration of glycerin located at the orifice. The plug of glycerin substantially prevents further 
evaporation of the reagent fluid. During the next activation cycle of the transducer, the plug of glycerin is 
35 expelled from the orifice. 

When operating In the dispensing mode the volume of the droplets can be varied to substantially 
uniformly contain from 100 pico-lrters to 1 micro-liter. The droplets can be produced at a rate of 
approximately 1 khz to 8 khz. When operating in the printing mode the size of the pel made by each 
droplet measures approximately .001 -.01 2 inches in diameter. 
40 A copy of the program used in the computer 700 for a printing operation is attached hereto as Appendix 
A. The values, manufacturer and manufacturing part numfc>er of the circuit components of the jetting control 
unit 500 are substantially as follows: 
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Ref, Numeral 
of Componen* 

R39, 45-48, 57, 

58 
R66 
R3 
R34 
R50 

R13,23,36,40, 

41 
R55 

R8 
R5 

R7, 12,25 

R67 

R51,53 

R29 

R61 

R15-18, 26-28, 

54,55,64 
R62 

R30,33 

R21 

R19 

R35 

R43 

R60 

R37 

RS 

Rll 

U2, 11, 14, 16,22 

C21,41,45 

C24 

CIO 

CI, 2, 3, 55, 60 

C53 

C3 6 



Description 
and Value 



R2S . 10K0HMijWATT5%C . F . 
RES . 1500HI'BjWATT5T;C , z . 
RES . 15K0HMVWATT5:,C . z , 
RES • 16KO»I>fWATT5%'C , F . 
RES - 2 . 4KOHI^3tfWAm%M • z . 

RES . 2 . 4KOHI4Ji;WATr5%C , F . 
RES • 20KOHMijWArT5roC . F . 

RES , 220OH:-i>rWArr5%Z . F . 
RES . 270HI';1V7ATT5?;C , C . 
RES , 2KOH!':i5V;ATT5!^C . F . 
RES3 . 6KOHI'3i3V;ATr£%C . F , 
RES , 3 . 9K0HI1isV;ATT5:;C , F , 
RES . SOOKOH-IJt WArT5!;C . F , 
RES . 3 OKOHI'PiWATTlJp: . F . 

RES . 4 . 7K0Hr'15uV7Arr5?;C . F . 

RES . 45 . aKOHi-nsWATrir,':^ . f . 

RES . 470Hr-;^V;ATT5%C . F . 
RES . 4700H!'lJsWATT5r;C . F . 
RES . 47K0Ki-%WATT5T;C . F . 
RES . 5 100nI'IijV7ArT5?,C . F . 
RES . 5 . 2KCHI':VWAT75%*C . F . 
RES . 7 . SKOHT'lVv-'AXr 5%C . F . 
RES , 75KOHI'!ijV;ATr5?;C . F . 
RES , 7 oK0HI'Ii3V;ATTlTy< . F . 
RES , 8200HM^V,'ATT5%C , F . 
RES. DIP NETWRK.47kOHM 
CAP . AXIALIMF@250VDC 
CAP V AXX AL220MFiS250VDC 

CAP. AXIAL kZm ELEC, 

4700 GMF^^SV-DC 
CAP . RADIAL DIPPED TA>rr. 

10MF@25VDC 
CAP, RADIAL DIPPED TANT. 

1MF@35VDC 
CAP .RADIAL DIPPED TANT. 

47Mz'plO\T)C 



Manufacturer 
and Part No. 



DALE RL079242G 



DALE RL079303C 



DALE RN55D4S32F 



DALE RN60D7682F 

CT9 761-1R47K 
riALLORY i^TZSe 
I^ALLORY 

LP2219250C7P5 
MALLORY 

TCG472U025MIC 
KEMET 

. T35OE106M025AS 
KEI*IET 

T35OA105K035AS 
KEMET 
T350H566MC10AS 




Ref. Numeral 
6 of Component 



Description 
and Value 



Manufacturer 
and Part No. 



C54 
C57 

70 

C49 
C39 
n CS 

C30,35,37 
C4,7 

so 

22 ,23 ,25-28 
C31-34,37,42,43 
47 , 48 , 50-52 
25 C56,5e,59 

C46 

CR7,e,9,10, 
11,12, 17 
30 CRl ,2,3,4 
CR5 

CR6,13, 15 
CR14, 16 
U6, 13, 15., 17 
55 Q2 , 9 , 12 
08,10,11 
Q4 
Q7 
Ql 
40 Q3 , 14 
Q13 
U5,27 
U23,26 
U7-10 
U30 

U24,25 
U23 
Ul 
U4 
U3 

U12,29,31,32 
U18, 19,20,21 
R24,42,63 
R38,49.52 
R20 
R14,31 
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CAP. RADIAL SILV MICA 

100PF300VDC 
CAP -RADIAL SILV MICA 

20PF300VDC 
CAP. RADIAL SILV. MICA 

39rr300VDC 
CAP. RADIAL X7R MLC 

,015Mr@50VDC 
CAP -RADIAL X7R MLC 

. 022MF@50VDC 
CAP. RADIAL 25U MLC 

.015MF@50VDC 
CAP, RADIAL 25U MLC 

.01MF@50VDC 
CAP. RADIAL 25U KLC 
.22MFis'50VDC 



CAP.VARI .2-12PF. 
DIODE SIL, 

DIODE SIL.FAST 

DIODE SIL.FASTHIVCLT 

DIODE SIL.REF.2,5C0VDC 

DIODE SIL.ZENER3.3V,25WATT 

SWITCH 8 POSITION DIP 

TRANSTOR. COMMON NPN 

TRA^JSTOR.COmON PN? 

TRAl^JSTOR , HI VOLTH: FREQ . MPN 

TRANSTOR . HI VOLTH I FREQ . PNP 

TRAMSTOR . H I VOLTH 1 1 NPN 

TRA14ST0R . HI VOLTNPN2N3 43 9 

TRANSTOR . H I VOLTPNP 

IC 1-SHOT 74HC221 

IC 1-SHOT 74LS221 

IC COt^ARATOR 74HC688 

IC CONVERTER DAC0800 

IC COUNTER 74HC193 

IC HI SLEW HI VOLT OP AMP 

IC HYBRID DC/DC CO>rvERTER 

IC OC DRIVER SK7406 

IC OCTAL LATCH 74HC374 

IC OP AMP LF256 

IC OPTO ISOLATOR 

P O T 1 0 0 KOHM W ATT 1 0 % 

POT10KOHMijWATT10% 

? OT2 5 KOHMi^WATT 10% 

POT2KOHMJsWATT10% 



KAHGAN 

SD5101J301 
KAHGAN 

SP12200J301 
KAHGAN 

SP12390J301 
KEI^T 

C315C102K1R5CA 
KEIffiT 

C315C223K5R5CA 
KEMET 

C315C153K5R5CA 
KEMET 

C315C103K5R5CA 
KEMET 

C322C224M5U5CA 



JOHANSEN 419626 

ITT . FAIRCHLD : 1N4143 

GENL.INST.EGPIOD 
GENL , INST . UF4007 
NATL . SEMI -LM3852-2 . 5 
MOTOROLA 1N4622A 
CTS 206-8 
MOTOROLA 2N2222A 
MOTOROLA 2N29G7A 
MOTOROLA MPSUlO 
MOTOROLA MPSU60 
TI , MOTOR0LATIP4S 
MOTOROLA 2N3439 
MOTOROLA MJE5731 
NATL. SEMI MM74HC22IN 
NATL. SEMI DM741S221N 
NATL. SEMI MM74HC688N 
NATL. SEMI DACOBOOLCN 
NATL , SEMI • MM74HC193N 
BURR-BROWN 3584s7M 
BURR-BROWN MODEL 724 
NATL. SEMI DM7406N 
NATL. MM74HC374N 
NATL. SEMI LF256H 
HEWLTT-PCKRD HCPL2300 
BOURNS 3622-1-104 
BOURNS 3622W-1-103 
BOURNS 3622W-1-253 
BOURNS 3622W-1-202 



Ref , Numeral 


Description 


* Plantit^ticrurer 


of Component; 


and Value 


and Part No, 


VRI 


REGULATOR 5VDC 


NATL. LM340T- 5,0 


RIO 


RES . lICC0HI'n!jWATT5%C - F - 




R2,4 


RES . 1 . 2K0H'ByWATT5%C . F , 




R32 


RES , 1 . 6KOHrB5rWATT5%C , F , 




R44 


RES , 1 - eKOHM3|fV7ATTS%C . F . 




Rl 


RES , iomecohi^v;atxs:;c • F . 




R5,R22 


RES,100HM5jWATT5%C.r. * 




R65 


RES . 10OKOHI^:3tfWATT5%C , F . 




R59 


RES , 10KOHI'iiiWATTl%!-l . F . 


DALE RN5 5D1002F 


RlOO 


R£S,2700HM 




R101,108 


RES,4700EM 




RlC2;i03 


RES,1K0HM 




106,109,110 






R104 


RES.47000H'; 




R1C5 


PCT.IOOKOHH 




R107 


POT-IOKOHK 




Rill, 113 


RES.2200HI*5 




RI12 


RES,220HI»1 




R114, 115 


RES, 470HI-1 




ClOO 


CAP.10KF035 ^/FC 




C108 


CAP, 10000 PF 




DlOO 


DIODE 


1N4148 


Q100,105 


TRA>ZSTOR 


2N2222 


Q101,102 


TRANSTOR 


2N3906 


pl03,104 


TRANSTOR 


2N3S04 


U100,U10S 


IC I-SHOT 


74LS123 


U103, 104 


IC INVERTOR 


74LS04 


105,106 






U108 


IC LINE DECODER 


74LS138 



Of course, it should be understood that a wide range of changes and modrfications can be made to the 
preferred embodiments described above. For example, the transducer could be of a type other than piezo- 
electric such as magneto-strictve. electro-strictive. and eiectro-mechanical. U is therefore intended that the 
foregoing detailed description be regarded as illustrative rather than limiting, and that It be understood that 
it is the following claims, including all equivalents, which are intended to define the scope of this invention. 



APPENDIX 



16 



« 



0 268 3:/>*, 



TS 



6 

Itignt UiWUiM 07-14-U 

UtUtS7 

Offiit taU Sosrci Um ^tfuiil Co«p«ttr U5IC Catfiltr T2,00 

00» OCOi ftcB miurxei^wt Jtl FrlBtir- ISJlTlTUrUjgHt CaUirilloB" aiKESIIEi 132 

00» 0004 USiJLL - 'SlAOt.* 

0030 0004 

0030 000ft 'mm - i* a. Umu 

0030 OOOi ' 

0030 0004 'csnrunr (ci iw uion uboutwio 

0030 MOi 'REVlSin - 3.0 07*01-U VI McTDFa M^iricitimi 

0030 C044 ' - I. ft 02-n*U U£ CriaUoi H ititiU CDdi 

0030 0004 'STITEH • TVii co^t c« oojy M toipUt* ky Ui USCM 

0030 0004 * CS;7IlE]l, It viU lot nn vOv Uf inCRPRm!* 

0030 0004 * 

20 0030 0004 'vcsamvMs 

0030 9004 * tki rci^nt ciUlritt lodiU frnftti « Mfti viU 12 ittn trru^H 

0030 0004 * It 3 coUut Qf 4 rovs* Ji9 vrm irr% lUos aottuit «ratai thi 

0030 0004 * tait, \U ♦ u< - km iacrHtnt «r ^icrtmt vilm it Ut flrit 

0030 0004 * relutAt tni tht tfttir kiy kkvIm CMUidi la tkt i\iri nIoM, 

0030 0004 ' Tkt w<ea< eoluM it at irriy of ASCII itrioft ripriiiatiBf rii^tnt utt, 

25 0030 0004 * cenctntrttioit dnsUvi wi vluHitr* Tht vihii istrrrt is cdI«m wit 

0030 OO04 * trt tfrop frtfuiacvt foUt vitfU, ttro4ff OUrt <td nmlt autbtr, 

0030 0004 * Tbi ceutfttfi it tht third coUu tri ttart/ttop, lo4l, »m, u4 uit« 

0030 0004 * 

0030 0004 'Om BICTIOXAKT 

O030 0004 * IDUl Peitttr to «kick ttM itt« ii utivf (O-tl) 

00 0030 0004 * 1CH»a7,l) Arm for itfiigt i«»4 to Ui t«M 

0030 0004 ' ICXUI17,4) Arriy (or tuOirt it Ut ttM linlir 

0030 0004 ' BIFFI Difftrtfttii] to Ktt XOUI it arro* kry toyst 

0030 0004 ' TfTtl Peinttr tit dvrio) «4tt tcin to dirict ictiOA 

0030 0064 * KDltf I Stvift <or ttrst^ upit Iroi iiiu dltpUy 

0030 0004 * U Dfittnitiot for liaqlt ktyitrtkt iipsti 

35 0030 0004 * FlUt Slrio) ittirt filMut li bvilt itr rtigiRt iiti Hit 

0030 0004 * lEMUMEJ Strift| aktri rt«|tit lut it itorttf 

OO30 0004 * KI >o» to tfifpUy (pKtil qriyhict chiricttf io ttM 

0030 0004 ' CX U\w to 4iipUy tpKtil friplics chtruttf it mm ' 

0030 0004 ' n SpKUt fripkici ckarictir it ritd Itte itn 

0030 O0O4 * OU.UP.VAUia UUlff valii for titUto pulif itplitsdi 

^ 0030 0004 * SICVAU ViUt trt to diqitU port 0 to iK/dic atplittO 

0030 0004 ' 

0030 0004 93 tacEXT.uumTi niTic 

0047 0004 

00<7 0004 III K3aW(n,n, 100117,41 

0041 OtFI 

0041. Otn B3SQI lUTIJUJHi 'rttd itit. vUott ui tft fcrttt 

004C oin 

004C oiH MRtu nm <> 1 

0O51 0200 

005! 0200 nm • • 

0040 02PO W « " 

0044 070< 

004A 02M WtU U • *" 

oo7t 0304 At • incnf 

eog3 0204 ir nCTiva • \ a» oouiTin£ < lucit txd ecsui pa.Bow( 

ooAO 0204 vacs 

OOtO 020A 

55 



17 



0 



a o 
n 



; 0 288 a3V. 



6 



Rfiirfit Jit Prinltr 
Rti^int CalUmios 

OHiit UU Suu-ct Unt 



07-lMi 
l2t2i»S7 

IBH riruail CMDotir lASIC Coipiltr 



25 



35 



0060 
COCA 
OOEO 
00F& 
Otll 
0140 
OUS 
QlBh 
OIC 
01C2 
OlOB 
OlDB 
OlOF 
OlEfr 
0U6 
OICA 



o:oA 

070A 

o:m 

02QA 
0»A 
O20A 
020A 

o:oA 

020A 
020A 
O20A 

o:oA 

020A 
020A 
020A 
020A 



IF Af ■ CHRIHJ) THcK HPEl • li ^ * 

IF At • TKOI TTPa •2) 

jf Ai • TKOi n?n ■ 3i 

IF A» » OUUtO) ♦ D{itl(721 T>5H TTPH « 4i 
IF AJ • WRUO) ♦ CKRItSOl TKOt TTm ■ 5i 
IF A9 • CXSXO) 4 CKUITSI TKEX TTFa ■ i: 
IF At » Ottl(O) ♦ 0«lt77I Tlfflt Ttra « 7^ 
IF AJ > CHW147) AXD A> < CWtlH25) T}0< TTPn 

w n?a Bosw ti, n, t<, n, n, tb 



txicstt <cr> 
iacrtitat riritUt 
'tftcrtit&t vtriiblt 

Bp UTOV ktT 

'ri^bt irrw kty 
» 8t* 0-1 



nm • 0 

niT SUB 



4i 



55 



18 



0 264237 ^ , 



20 



* ItqtRt Jrt frlBtir PUS Z 

bi^nt Cilikritiea l7*H*<i 

W*»K &«U kwrct ftrwiX CMpvtir lUlC CM^Utr V2.00 

OJU OJM -HUfiMMi SUsTOinittC FW THIS IDJUU 4MH#Mm 

OIU «M 

eiU «0I Tl) *<cr> wtctt ti CD Minl 

Olff WM IF rWJl < 12 TKDI TTPC • CtHrnWl 'nit lo priit wfltt, u utim 

0»5 07CC W KDWX - U WSUI TU. Til, TU, Tlfi 

02U OOC IF «0W1 < 15 TKO( TTPG • 0 

^5 cnc «K RtTwx. 

0334 OSCC 

0230 070C TJb 'itirt/stop <rop flo« 

0215 020C IF BETOdJ.OJ ■ 'STWr TWW SOOT HMT-IW 

023A 0»C tr RE?VSn2,ei • *STOP * TV£M RIOT STOP.JHC 

027f 020C HPa«(12,0) ■ TOW 

02U 0210 csua o,7tnsui OtSP?CXU 

02AC 0210 tnun 

eao 0210 

0210 0210 $T»TJ0t 

035 0210 TlWt • 'STO? • 

02SF 0210 OUX OOT.OXi 'li ftodoli FCI 

25 02a 0210 UCATt l7,7ltC0lDR 27,5iPllI)tT •PSIKTlWj 

02FI Olio *aivtx • I 

02F8 0210 «£TUSJI 

02rC 0310 

02FC O210 STQP.llKt 

0301 0210 TEWt • •ST«T» 

ao 0301 0210 CAU HT.OFFt *Ja m^U PCI 

0317 0210 IBCATE I7.7UCa« 15,0:Fll«T • 

0330 0210 »CTlVn • • 

03U 0210 KTrvn 

, 0348 0210 

0348 0310 Till 'lo«d rri^tnt prsfiU 

35 0340 0210 IF KOtUtU,ll • TKEH LOUTE 2:,l:PP.l»rT •Rtiqnt Kur it not ip»cintd';i6a5US' »)Oft£TiJtETUIW 

03fl 0210 

0311 0210 ttSUl S£«a 

0317 0210 

03T7 0210 IF n < (REANUKl ♦ U mx 60TD FOIM 

03&I 0214 UUn 22,10-UXIR£lUJIt4,U)/3iPSIia navtU,l)|* ftol FoKM*f 

^ 0401 0214 COSUY MYtETi **tit for < kirbll 

04OI 0214 KETinai 

04QE mi 
040£ 0214 rOUOt 

0413- C214 riui • iii»nii5T«(ii),ui(snjtnJMi ♦ *m.vr 

0437 «Ji OPO FlUf FOR IWVT U III 'wt pittiro 4iU (lU for rt«4 

^5 0440 0211 Ilt^UT tl,R£XU{O,01t *ritd frt^ncy 

0441 0211 I)fFOT ll,KDtU(l,dh *riad atfUUtft 

0481 0211 ll,KOtU(2,6)l *ri«4 itroU <tliT 

04At 0211 ^I^FffT ll,R£XUl3,e)i ViU pwUi vitfU 

04DI 0318 UFVT ll,RO(U(4,0}| *rui riti tilt 

04F4 0218 JKWT Il,ranit5,eii >u< fill till 

5^ 0511 0318 

0311 0218 iJtnn ll,TOCtflt7,ni CMCMtr«ti«a 

030 0211 IUFVT llvWICStDl Vn< Utuiy 

0541 0218 IKTUT ll,XDami»l)i 'rui tUcoiUt 

esi5 0211 UPUT IliKEWntO,!}! 'rtii turfict ttofioa 

0SA1 0318 

55 



19 



0 268^37 



6 Itt^Ht Jtt Mottr 07-l4-tt 

(Kfiti 8itJ Se«Tf Uit 
OWT C2J1 aKl III 

to oao C211 

eno «ii opa •stAKF.wr m output u ii 

om 0131 mn n,roa)iu,ni *i*vt ut ^incton iu< » wU 

75 owi nil KTua 

oiC5 nn ^ ■ „ 

fiuis mfl TID 'UT9 riiQCflt ir&tlii 

Aifli 0211 IF roWU,!) • TWl UCATl S,l:mKT •RiMwt Iim U wl fncifit4»ijCJSU8 wrrntROws 

HTz ni8 TO 'ttMlR.MP* FOR IKPUT 15 <1 

o&SF ms ii,UA«na 

20 W7l «18 QJSSE II 

0478 0211 IF WJm i 8ft THEK GOTO SAVE.RU 

0487 nil iJWn S.nfRin ■Birtctcnr ii FoU tW rMgwU Ml.)* 

oai nil wsyi uTtniRTTWH 

QUI 0319 $AV£.R£At 

OiBO 0318 EQSUB SEARCH 

25 o«i 0:il IF U ) KWWI TKO( MTO S&VER£Al 

04C7 0211 KWOSa » U 

0^ 031B CCUR 15,0 , . . 

OiOA WIS tflCATE »,liPRIKT KOWfti.nr ilrtitfy "i»ts. ItpUct H ■ilh dm vilm? 

070C nil U • " 

07U nil wiu u - 

0725 0218 M ■ ^0371 

07:r 0318 

0732 niB UIUTt35.l;FRl»lT SPXait.'M 

. 07<F 0318 IF U » M' W « • 'y* THtK MTD CPUCE 

0778 ni3 RTnrn 

, 077C «18 

^5 077C nil SAVtREftli 

0781 0338 ' Kia •REWlR.OLfi*: '^ilttt iickap tfirKtory 

0788 ni8 KARE rKAfilll.IUP* AS •FtaiR.CLB': 'tw eU ilrtctorr 

07n 0318 opa 'UWiR.oB' FOR ^m^ « u 

07« 0218 CPOl •KEMIR.RJP' FOR OUlPtfT AS I3t '»it «p m» iir 

0715 021H 

07W 0311 I»«?VT U.RZWUKXt ViK •oUfr of iir tutnt* 

07CT nil RaxURl • RWWmi ♦ l: •t«criHt ly I 

07» nil win I34IUXUXI1 la tr« #lrtrtQry 

07EI nil . 

oTEi nil FW M 10 REMwa - 1 

OTfi 021C lltt IWnn ll,M: Mtry frof oU <lr 

0007 031C «,Ati '■fit! fstry in tw iirKtory 

0817 031C ICIT I 

0133 0330 

0132 0220 OflSI II 

ool nm l3tH£XMt4,l)l '"rlt* "« ^» <irKtory 

C65I 0220 CLOSE I3j -doflt rilh dlrKtary 

0143 0320 

0U2 UTO REPUlCEi 

0tt7 0320 FlUI . llSHTt(STRl(R£JUCUKXJ,U)ll5TRt(REASURIlJ-ll ♦ 'KA-RW 

0881 0320 

55 



20 



0 26§^7 ^ 



6 

liaqtti Jtt FrUtir 





Oiti 


Sfium Libs 


IW PtTMiil Catptlir U5IC 




0230 




AS 111 'cTfilt M« Mtttfo <tU (III 




0220 


taiTE 11 £30(0.011 




0811 








ftt&e 

WW 


VmV 




\W9 WBH ftiiy 


osn 


0220 




lUjrv pl4M nttl 


OVtl 






• vwf nif VIM 


75 oi3f 




tint ii.Rnuts.oii 




dU 


0221 






9729 


woTTr It vrvrw rt ii> 


'itert cucntrttian 


AMI 


0220 


MTTC 11 MlAMft l^a 

•nlTc lltnuIU»(l|lJt 


*itsri 9tAtiir 




0220 






OTCI 


0220 


Htm ll,KW(tO,11l 


'itort iirfict tnileo 


20 07EA 


6220 






OTCA 


0220 


CJtSE Hi *tfoM 


«iU <itt Mil 




0220 












outm AS 11 




0270 


nuia «,Fjut» 


'tm filiMH ii Ofidt rui 


M13 


02*0 


rtm ii,Kaui(i,tit 


*sm Iht dirictorr um u «tU 


SS 0A39 




aos£ II 






snrot 




OAiO 








vMv 








QMS 


0220 


ra *auit.Mr fox 


IKPVT AS Ii 




0220 


INPUT ItfAUXUKU 


*rta luibtr of Mttiris li iir 


VMV 


0220 


n • u 


*wt wt/T F«iattr 




0229 




OMr 












Utt IKPOT M,Uj 


'rral ant pittrrs eiu (ru dir 


Wil 




IF Al . KJOJftm) THO MTO SWO.OOtti 'cMwrt «ut tith dir tttrt 


0M5 


0229 


II • 11 « 1 






0220 


IF II ( immia * n mx soio siooPt*aiek for doai 






SEAKOi.OOC: 




OACi 


0229 


CLOSE 11 






0220 








0220 








0220 


Vflwi viU no chutft U wit riunt ulUrrtt 


OAOi 




rwiT 




OAC& 


0229 


QJSE I3i * clost cu thiftMl 


MO 


8220 


Km 






0229 








9229 


T2j 'pr«ctsi kty 




CZ29 


IF toon ) s Tsi snua 


em 


0229 






oior 


4224 


OaiMIIC . KVTIRE - 


OLOTJH 


eiiF 


022C 


OJTJKE • KtvnXE 






0Z2r 


IF namiK > e.is Txa wlu • i else hulu • rulu ♦ i 




one 


IF lan > 109 TO Jtin • loo 


50 0»S1 


022£ 


«JtBOWl,0) • «»(rofOI,0) ♦ ro«(«Wl,3) » KXHi '4<d ltcr»M«t 


e»tr 


022£ 


IT HOiUtREltUI^Ol > K0aJ(«0tUl,I» TKBI ICWIKDIUXfOJ ■ KKUtREXUl,!)! 'Uick tlx rUu 


OC0( 


022 


OUR 13,IittBUJ 0I5fnOtU;R£T\fldU 'ihw in r«Ut 


0C19 


023 






OCID 


onE 






0C22 


023 


IF roiux > 5 T>a Kmi 


55 «3I 


C22£ 


KEVTiia • Tina 





I2i24i57 



21 



0 26a 237 



ifiiqtftt Hi frtattr 




ft«i9int CalikritiM 




Offstt 


uu 
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30 QEOF 


0230 
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• OCA^ 
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0234 
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USD 


0238 
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OATA 3,t,21t 




IIFI 
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MTA 5,80, l?l 
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024C 
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\m 
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MTA S,b9«20i 






024C 


MTA 5,80,111 
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MTA iM.in 
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024C 


MTA lT,2a,200 
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024C 
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MTA lftM,2t7 




ICIO 
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024C 




4S 
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Pattwo Enlry/todification 07-«5-B6 

lOtUtl3 

ScfffCB Lint IW Pirwml Cotputir BWIC Coipllir V2,00 

R£K nnurReiGent Jet Prinlir* tSliSTITU: Tit tern Entry/Kodif 

ICJllOO* 

'nOPOZ - •PftTDTf Pittern creilion, iodificatioo, wd Uling 

•;unrtGa - H. ft. Enevold 

•CCPTSIBHT (CI 19B5 ASBOH UBOKftTOlllES 

•RPnSlOX - 1.2 03-10-86 KA£ Retovt Rouse inputs 

\A 02-20-B& KAE Add BO pittero liiit to save 
1.0 01-U-6& MAE Creition of initial code 

'STSra - This code tan only be coepiled by the BA5C0H 

COnPlL£R, it will not run. under the IHTOTREIER!! 

•DE5CRIPTIDH: 

This lodule alloHS the user to LOAD, SAVE, DIKectory, D 

m and 

inter repeat count and other piraieters (or a pattern t 
0 be printed. 

The loH-resolution graphics aode is selected and a lenu 
is displayed 

across the bottoi of the screen, Usin? arrox keys 
point to the action to be tiktn and then invoke that ac 
tion nitb the 

Enter key. In the GHAV »odc, mother lenu it 
displayed khich alloifs the user to select froi LIHE, RE 

CTanglei 

Solid RECTangle, or CIRCLE pUtern eletents. 

•DATA DICTIOHARY 

5CK0ATlt;0,51 51 Row (Eleeents) by 6 Coluen array f 
er storing pattern eleeenti 

CURS0RH91 Storage for cursor graphics icon 

REKUJ{6) Up to 7 lenu naies can be saveo hire 

ELNUK Count of nuiber of eleaents in a patt 

0030 0004 • n n Current location of graphics cursor 

0030 000* ' GRID Value of one dot space on the screen 

(dHaull is O.OOS'l 
0030 0004 • WW COIX Location to print instructions 

0030 0004 • Ai Storage for single keystrokes or inp 

tt strings 

0030 0004 * KEKU«Un Vhich tenu is being displayed II or 2 

J 

0030 0004 • ITEJl Pointer to ubich lenu itee is hlghlig 

bttd 10-6) 

0030 OOOi • REPEAU Huiber of tiees pattern is to be repe 

ated kheo printed 

0030 OOOi ' IDF^ J ^ distance bet«en the pri 

•nting of repeated patterns 
0030 OOOi • RO«SP C0L5P Ro» and Coluin spacing for printing i 

ttltiple sets of patterns 
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0030 


0004 


0030 


0004 


0030 


0004 


0030 


0004 


0030 


0004 


0030 


0004 


003ft 

wvJv 


0004 


0030 


0004 


0030 


0004 


0030 


0004 


0030 


0004 


003O 


CO0& 


0030 


000& 


0030 


O00& 


0030 


O00& 


0030 


.OOOi 


0030 


0004 


0030 


O004 


0030 


O006 


0030 


OO0& 


0030 


0004 


0030 


0004 


0030 


000& 


0030 


O004 


0030 


0004 


0030 


0004 


0030 


000& 


0030 


0004 
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DHsit DaU Soarci Uot IBH Ptrionil Cotputir BASIC Coipiltr V2.00 

0030 ecu ' nvmi , Kuiber pilttros stored in 

Uif p»ttini dirtctory PAHHR.RJP 
0030 OOOi ' OROn DCQU Row ud Colom Ucitiu to dispUy dt 

rtctory wtrr* 

0030 COCA ' KAKE> PiUern eaii to bt lOABid or SAVCd to 

dirfctory 

0030 000& ' II n Cowtu-s utid to LOAD or SAVE the clt 

Mnt diti froi/to pittirn d4t» fill 
0030 OOM ' FILEI Km of pittKni UU fill 

0030 0004 * TOTl Vhich type of tltiftnt ii beioq drawi. 

J « Uii 2 « RKtiaglt 

00:0 0006 • 

3 ' Solid RtctinQle 4 « CircU 
0030 0006 ' aASl Sui ts TERPl ibort 

0030 0006 * STARTTlSSt EKDKSSI nessaqt dispUy for stirtpoint ind m 

dpoinl of ilMint tntry 
0030 0006 ' III Til StKtinq cursor position for 

lUatnt bcin) drun 

O03O 0006 * DXI on Otlti \ ind Y viluts used to 

rr^witlcn cursor 4flir irron key 
0030 0006 ' KAXITQt The highest nuibir itei in tb 

fl current lenu displiy 
0030 0006 ' IS XC Stiftiog lod efldifi9 X position of the 

letM bighlightiag blue bos 
0030 0006 * RADIUS! The CiUoUted rtdius of ,i ci 

rcle to be dispUyid 
0030 0006 REK IPA6E 
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0 2Be23> « 



Ri»9wt Jil Prinlir P«E 3 
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VT I «Eb 


Diti 


Sfitiru Liflt IfiX PvrtQAj.1 Cflioatir BASIC CouilKr V2.Q0 




0030 


oooi 


SUB PATEKTRY STATIC 






000& 






0047 


00 0& 


WIOTM 40jSCIIED( 1:CIS 


15 




000& 


Bin SaiDATI{50.5).CURS0Rll9),KEKU*ti) 




wow 


fil9A 
V* in 


Q-HUn s OiXIzOxYlsOiERIO « 0.005 




OOTT 
vVf r 








007F 
vv#r 


07A4 


LIKE tO,OJ-t6,6J,,B 




vVHi 


0?AI 

ViMl 


LIKE (0.3)-t&.31..B 


SO 


QQm 




LIKE t3.6)*(3 .B 








PRESET {3.31 




wvr^ 


02A4 


BET (0.0)*(6.&).CUKS0RX 




OIU 


02A4 


OS 




OllD 


02A4 




25 


OUD 


02M 


LIKE (O.0l-{319.1901..B 






02A4 










RESTORE IHSTRUC 




0117 




FDR 1«1 TD 4 

run 1*4 lu ^ 




VI 




RFM RnyT cntT At 


50 














RCA 11 




Ol^B 


02d0 










r IKSM 




OlAO 




ntHUKUn * 1 
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OlAA 


v2S4 






Oltfv 








: 0130 


02B4 


ON ITEA * 1 B070 FATOtR, PATLOAI), PATSAVE, PATDRAU, REP 








EAT, PATHT 




OICO 


• 02B8 


WTO FIRST 


40 


0100 


02B8 






OlDO 


07EB 


REPEAT: 




0105 


0269 


6DSIIB 1TEKB0XERA5E: 'cr»r b]ue box around DIR 




OlDB 


0268 


LOCATE 2S|1:PRINT 5PACES(39); 'erise ttnu lint 




OlFB 


02BS 


LOCATE 25,l:IKPUT;'Enur Reptit Count '(REPEAn 


45 


0216 


. 026A 


LOCATE :S,1:PR1NT E?ACEt(39); 'erjst mau line 




0235 


026A 


LOCATE 25,l;lNPUTi'Ef!t«r I Axis OHsel •,XOFf 




0255 


02fiE 


LOCATE 25,1:PRIKT EPf;CEn3?)} 'erase tcAU line 




0272 


03BE 


LOCATE 2S,l:lHPUTi'Ent8r Y Axis OHset '.YOFF 




0292 


02a 


60T0 FIRST 


50 


029^ 


02C2 


PATHTi 




029B 


02C2 


VIDTTi BOiSCREDI OsaS 




02B2 


02C2 


EIU 5U8 




02ES 


02C2 


REfl fPABE 
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fif»gwt Jet Printtr P«E 4 

Pitttrs Entry/todintatiw 07-O5-Bi 

Sourct Line IBK Ptrsontl Cotpuur BASIC Cocpilcr V2.00 

PA7DIR: dir«ctory 9i pitttrnj 

SSSUB ]TEnEOI£RA$t! 'eritc blue box VDund OIR 
LOCATE :5,1:PR]XT SPU:il(37); 'true iiau Uni 
OPEK •PAT^IR,RJP' FOR IKPUT AS 111 'opw dircctorf 

n\t 

IKPUT II, PATWnXi 'read ogibir oi pitttrni in dir 

ectory 

LIKE (l|n*(3IB,I69),0,6Ft *eras( qriphics tiblet 
I « Oj 'sit counter- 

OISLOOPi 

I « I « h 'lit far next vUue 

IF I > PftTKUni THEN 60T0 DIRDITt *tist for done 

IF IKTitl-UMi) <> tl-D/U THEM 50TD SHOMHEIT 
IF lUTt(I-U/44) < I THEM 6010 SHOifKUT 

L0CAT£^25,liPRIKT •Kore to DUpUy. Continut ? (Y or K) 

I 

GOSUB CORLDOP: *Mait for Y or K response 
IF Al « 'N' THEN 6010 OIREIITj 'if H then don't contin 

ite 

• LIKE (1|U-(3J8,IB^J,0,BF; -erui qrjphics tablet 
SHOMKEUi 

DRO« « Id - n ROD ::) ♦ 2: 'cilculate ro*i disp 

uy 

DCDll » 4: *$tt coluw lo 4 

IF U\ - n ROD 44) ) :i THEN DCOLl • 23: 'reset toluen 
if necessary 

LIKE Win 11, Alj -read oeit nue froa directory 
LOCATE 0K0Ul,0COLl:PRiKT Alj 'PRIKT NARE 
SOTO 01 SLOOP 

OlREIITi 

CLOSE III 'teriinate access Id PATDIR.RJP 

eOTO FIRST 

REX IPAOE 



Offset 


Diti 


0Z86 


02C2 


02BB 


02c: 


U2Vrl 


02U2 


02DE 


02c: 


02EF 


02C2 


0301 


02C4 


0J2fr 


02C4 


0330 


02C4 


0330 


02C4 




02C4 


0344 


02C4 


03SB 


02C4 


0384 


02C4 


03A9 


02C4 


03A9 


02C4 


03C3 


02C4 


03C7 


02C4 


030C 


02C4 


030C 


02C4 


0401 


02C4 


0401 


02C4 


040& 


02C4 


0422 


0:C6 


042? 


02C8 


044C 


02C8 


044C 


02CS 


045? 


02CB 


047S 


02C8 


0479 


02CB 


047? 


02CS 


047E 


02C3 


.04BS 


02C6 


048? 


02C8 


04B? 


02C8 
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0 2&8*&7 



» Q O O O O 

' O o 



W Priotrr* 
Entrv/Mo^Hi cation 



Offsit &it< »o«rcf Lini 



F^E 5 

07-05-86 
10i46tU 

m Prfjonal Coipaltr BftSlC Cwpiltr V2,00 



0489 


02w3 




Q48E 


0IC3 


oDSUB lTE}t;01EKAS£: 'trise blue box irouod OIR 




02Ca 


OPEX 'PATBIR.RJP* FDR IHPUT AS 11 


nit*. 




IKPUT ll,PATKUKl! *r«i ouiber o4 pitUrnj in dir 


v^o/ 




£n5U6 CETTiAKE: 'pratpt for mi input pittero n 


v^ou 


07C3 


uc 

LmE (1,1)-(318,189),0,BF: 'cfisi qriphits labltt 


04E2 


02t3 




04E2 


0XC8 


eOSUB SEARCH 




02C3 




v^u 


02C8 


IF II < iPATwna ♦ u iKEK Btrni fouhd 


04FC 


02Cn 


LDCATE l0,U-(L£K(HAnESI/2)iPRm KAKE$;' not Found'; 


0531 


02C£ 


LDCATE 12,34:PRIHT •Strike Any Key' 


0546 


02CE 


eOSUB WIYXEY: 'niit lor i kiyhit 


0551 


02tt 


SOTO nRST 


0555 


02E£ 




0555 


02CE 


FOUHO: 


055A 


02CE 


FILE! » RlBHT$(STRItIl),l£>lt5TR$tlI))-l) ♦ •PAT.RJP' 


057E 


0202 


OPEN FTLEI FDR IKPUT AS 11: 'set p»tttrn diti Hit 






{or read 


058F 


0232 


INPUT IliEUOmi! 'read ouabir of eleitnts in pat 






tern 


05A1 


0292 


IKPUT tliSRID; 'read grid silt 


05B5 


02&2 


INPUT ll,REPEATI: Vead ripeit count 


05C5 


02C2 


IKPUT llflOFF; 'read t axis offset for repeit 


0S07 


021/2 


IKPUT IlitOFF; 're4d y ms offset for repeat 


05E9 


02W 




05E9 


0202 


FOR II = 0 TO ElKUni - I 


05f7 


0254 


FOR n » 0 TO 5 


05F0' 


■ 02D4 


IKPUT •;,3:v:A;;iU,JI):*rcid file into screen 



0621 
0&31 
0643 
064A 
064A 
O^SC 



02D6 
02B6 
02P6 
'0256 
0206 
02U 



array 



NEIT Jl 
NEXT U 
aOSE II; 



'done «ith data file 



066C 021:6 



067C 
0683 
06B3 
0687 
0687 
068C 
0693 
0696 



0296 
02S6 
03S6 
02M 

0256 

o:d« 
o:u 



OPEM "PATOEF.RJP* FOR OUTPUT ftS 11 
PRJXT II,F1L£$: 

It lile 

fRlKT •l,RW!£J: 
t as vtll 

aosE II 



'save filenaae in defiu 
save the dirictory n4i 



8OT0 RESRAV 



SEARDtt 
SIDDP: 



LIKE Win II. 



06A5 02D6 



'set entry pointer 
Vead neit pattern naie Iroe di 
'cQipare niie « 



06BB 
06C1 
0604 



0206 
0206 
020& 



IF AS « KAKEJ TliEN GOTO SEARCH.EHO: 
ith dir entry 

II » IX ♦ I 

IF II < (PATKUni + I) THEH 80T0 ruOCFi 'checit for done 
SEARCH.EHO: 
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Rcioent 3it Trinter FA5E 6 

Patttrn Eritry/RciiHcUiw 07-05-6i 

I0:<iil3 

Offsei tita Source tint Fcrsonil Coiputir BASIC CocoiUr V7.00 

0Z?& CLOSE II: 'not founii so close H\t «nd disoUy 

06E0 OxD6 tnVRX 
02D& 

' 06E4 02W «E?< JPfiSE 



33 



Rnqeftt 3it Prlnlir • . * ^AHc 7 

PitUra Entry/KodiMcifcioB 07-O5-fl6 



Offstt 


DaU 


Sodrcf lint PtrwQil Cotputrr BASIC Coipiirr V2.00 






PATSAVE; 


JTEJtWIEPJiSc: 'iriii blu» bot iround OIR 




0306 




OiEF 


02D6 




IF ELKWI ■ 0 THE}< SOTO FIRSTi *no tlcitnts in pttttrn 




02D6 




0?D( •PATOIR.WP' FOR IKPUT A3 IJ 


070F 


02D6 




JHPITT ll,PATWJ?II 


072J 


02S6 




IF PATUUKX < .80 THEK 60T0 SA\X.PATt 'dirictDry HM 






4t 80 piltcms 


0730 


02J)6 




CLOSE tl 




V&VO 




LOCATE 25|1:PAIXT SPACEI(391}t 'irxst bottoi 1 






inv 




07Z4 


02fi6 




LOCATE 25,1:PR1KT •Oireclorr is lull (80 pitterni ■«)' 


076E 


0206 


i 


BOSUB AmEYjBOTO FIRST 


0778 


02D6 


SAVE.PATi 


077D 


mh 




60SUB BETKAAEi 'proipt lor and ^ct pattern one 


0783 


0206 




605UB SEARCH 


0787 


02S6 




IF II > PATKWt THEH BOTO ADO.KEK.PATTERH 


077A 


02D6 




LIKE (l,n-t3l8,189l,0,BFi 'erm griphics liblit 


07BF 


02D6 




LOCATE lO,l3-lL£KtK;KEn/2):PRIXT NAnES;' klrcady tnst 


07F4 


02D6 




LOCATE 12.15:PRIKT 'R«pUct ll?^ 


080E 


02S6 




PATHUHI ■ II 


0815 


0206 




M ■ 


081F 


02S6 




WIU Al » " 


082E 


02D6 




AS « iKxrrs 


0638 


0206 




VEKD 


083B 


02D6 




IF Al » *V CR AS • 'j' THEK BOTO SAVE,PATTERH 


oe&A 


0206 




GOTO FIRST 


0868 


02D6 






0868 


02D6 


A0D,NE«.PATTtS)(: 


08&D 


0206 




na 'PATOIR.CIO"; -deUlt old backup dinctory 


0874 


02D6 




Hft«£ 'PATOIR.R:?' A3 •PATOIR.OLC: *s*ve old direc 






tory 


OPEK 'PATOIR.OIO' FOR IXPUT AS 11 


087E 


0206 




08BF 


0206 




DPEK •PATOIH^Hj?' FCS OJTFUT AS 12: 'set «p fttn djr 


08A1 


0206 




IKPUT ll,PATKUni: Vnd nuibtr of dir wtrits 


08B3 


02D6 




PATKUni « rATKUn: ♦ I; Mncreisc by I 


OBBC 


0206 




wnE I2,PRTKUKl: 'sm in ntu directory 


08CD 


0206 




FOR l«l TO PATKUm - 1 


08H6 


02SA 




LIKE IKPUT tl.Af: 'rtii entry froi old dlr 


• OBFZ 


020A 




PRIKT I2,AI; 'nrlte entry in new directory 


0703 


020A 




KEIT I 


071E 


020A 




PRIKT l2,XAAE!t • 'irlte neti entry to new diricto 


092E 


020A 


nr 


aOSE tUCLOSE 12: 'done mtb directory 


073C 


020A 


SAVE.PATTERN: 


0?4l 


02DA 




FILEI « RIBHTH5TRJlPATWni),LE)itSTRJ(PAT>aWll)-l) ♦ 'P 






AT.RJP* 


0965 


020A 




OPEK FlLEl FOR OUTPUT A3 llj 'crutt ne« pattern dat 






I file 


0977 


02DA 




VRITE lltcLMUni: 'store number ol tletints 


0988 


020A 




VRITE llfSRlO: .'itori grid diiensioa 



0998 02DA IHITE J!,REP£ATI: 'stori repeat count 

09A9 020A KRITE tl,XCFF: 'storf x axis oflset lor repeit 
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0 2Sa237 



R?agfni Jit Printir P^GE B 

PittirD DitrY/Rcdi f i citi M * 07-05-5i 

Offset Oili Source lint Perjonil Coipultr BASIC Coipiler V2.00 



09B"? 




•\Ul 11 JCFF: 'stori y ais offjtt fcr riput 






FOR 11 » 0 TO aKUKX - I 


0?D7 


02DC ■ 


fq;i 31 * 0 TO 5 


090D 


o::c 


mn n,SD(WniIl,n>i 'ariU scriBO ft 






rriy to filt 


OAOO 




KEIT JI 


OAIO 


oat 


WEIT IT 




mz 


aOS£ 11: '^oni vith MUi file 


0A29 


C3DC 


CPtJI •PAT^lF.RJP* fcr OUTPUT AS 11 


0A3B 


02CC 


PRIXT ll,FIV£J: 'sftvi filenftie in dtfiu 






It fill 




«2C 


PRm n,SAHEfi 'im tht directory nii 






t ftf mbU 


0A5B 


02SC 


oosE a 


0A&2 


mz 


60TQ FIRST 


0A&6 


(nsz 


m JPABE 
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0 2S8"& 



PUlirn EntrTf/«odifiHljon 07-05-B6 



Offftt 




Swircc Lint m FersQ&il Coipater BASIC Coipiltr V2.00 


OUo 






0MB 


vIDC 


COTJI UDCTEFASE 


0A71 


mc 


LIKE (2,))*{3U.I89),0,BF: *Er»i graphics tibltt 








om 


OIK 


VETTIU 




ozrc 




o;;as 


02K 


E:rjB STOExu 


OAAB 


02I)C 








CX ITEH M WTO ALIKE, RECT, SRECT, ACIRCLE, REDRAH, B 








oo 


02rc 


60T3 xaia 


OfXB 


02DC 




OACB 


mc 




OADO 


om 


SOSUB ITEnBDlEKASE 


OAOb 


02IK: 


MTO FIRST 


OADA 


02I)C 


• 


am 


07DC 


A13KE: 


OADF 


02DC 


TEm « I 


OAE& 


raE 


START^SSI » 'START:K5 EMOPOIKT' 


OAFO 


02E2 


EK0'\S5* » 'EHOIHG ENPPOIHT • 


OAFft 




BOTO EWTERELEraT 


OAFE 


02E& 




OAFE 




RED: 


0B03 


mb 


TEKPl « 2 


080A 


02E& 


eOTO RECTflSB 


OBOE 


02£i 




OBOE 




S?iin: 


0813 


o:e& 


TEKPI « 3 


06)A 


02E& 


KCTXSBi 


OBIF 


02E& 


STARTttSBJ = 'STARTLSo CCRNER' 


0B2? 


02E6 


Ejirr^si * 'EKorflS ccrker • 


0B33 


026 


eOTO EKTERaEREXT 


0B37 


03E& 




0B37 


0*lh 


ACJUaE: 


0B3C 






0B43 


02E& 


STWTaSSJ « •CEXTER OF CIROE' 


0B49 


02E& 


EX;»S5* » 'POIKT OW CIKOE ' 


0B57 


om 




0E57 




DiTERElEKEXT: 


mt 


02E£ 


BQSUB ITinBQIERASE 


mi 


02E& 


Flft5I«0 


om 


02E8 


LOCATE 25,l:PRm 5?AC£t(3?)j 


0BB6 


oxes 


LOCATE 25,1:PRIXT STARTKSSfi 


OBAO 


C2E8 


605UB M5PCUR50R 


om 


.02t9 


nxCSTART: 


OBAB 


02EB 


BOSUB RCySEACT 


obb: 


02ES 


IF AI » CH8$(27) THEN SOTO ABORT 


08C8 


02£8 


IF Af « CHR$(13J THEK BOTO SHBTART 


OBCr 


02EB 


BOSUB CURSORJfOVE 


0BE5 


o:eb 


BOTO FIKDSTART 


OSES 


02£8 


AcORT: 


OBED 


02EB 


eOSUB FlACtCURSOR 


0BF3 


02EB 


BOTO HHITEL 


0BF7 


02EB 
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Offset 




SottTci Lir.f IW Ffrsonil Coipuitr BASIC Coipiltr V2.00 


0BF7 


OIcB 


EETSTA^IT: 


OBFC 




LC:ATE :5,l:FRlM7 EVDSSBf; 


0C16 


02£B 


R-AdI » 7ER?I:Ill » U:YII « YI 


0C2B 


OxtC 


IF aA5X • 4 THEH PSET (XIM,Y1+4J 


0CS5 


02EC 


FIXDEXOi 


0C5A 


02K 


BuSUi MUSEACT 


OC^O 


02EC 


IF Al » CHRIt27I TKEK SOTO CftXCEUl 


0C77 


02EC 


IF AS ' CHRS(I3) TKEK GOTO SAVEa 


0C8E 


02£C 


60SUB URSCRROVE 


0C94 


02EC 


MTO FINDEW) 


0C97 


02EC 


CASCEIELj 


0C9C 


02SC 


BOSyB PIACECURSOR 


0CA2 


02EC 


ON aA6X 60SU9 ERl, ER2, ER3, ER4 


0CB3 


o;£c 


aASX » 0 


0C5A 


02EC 


60T0 KEITEL 


0C6E 


02EC 


SAVEEl: 


0CC3 


02EC 


60SUB PLACEa'KSOR 


0CC9 


02EC 


IF FUBX » 4 THEH CIRCLE (III*4,YIIM) .SdRt ai-Xn)*2* ( 






tX-Tll)*21,MiJ 


0D32 


02EC 


60SUB CORRECT 


0038 


o:ec 


IF Ai«'>c jm SOTO Rc:ra« 


0D48 


02£C 


STOREai 


mo 


02EC 


SC)iDATX(aHUKX,0) « FIASX 


OD&A 


02EC 


SCKOATXtaWJRX,!) « III 


0085 


02EC 


5CH0ATX(aKURX,2) • YU 


OOAO 


02EC 


SC)CAU(aKUKX,3) » XX 


OOBB 


02EC 


SCKCATX(ELWUKI,4) . 


0DD6 


02EC 


SCWATXlELirdRI,5) « 0 


OOEF 


02EC 


aKu«x » awunx ♦ i 


OOFa 


02EC 


aAsx » 0 


ODFF 


02EC 


eOTO KEITBL 


0E03 


C2EC 


Rt« JPAGE 
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EcttrcE tUi IBK PeriOAil Cocoultr BASIC Coioiier 


0103 


one 


RESRAVt 


0£08 


02£C 


cOSUB ITER^IERASE 


OEOE 


02EC 


LlKE(l,n-13l8,IB7),0,BF 


oro 


02EC 


IF EUOPT. • 0 THEN BOTO KEITEL 


OE42 


02EC 






02EC 


Fos i»o TO 




02fO 


OX £CXOATXtI,0} 50SUB RDl, BD2, R04 


0E81 


O2F0 


Kni I 


OEU 


02FO 


SOTO HHia 


OEAO 


O2F0 




OEAO 


02FO 


'<«H4ift Sub-routim cilled by liio toduU 


OEAO 


02FO 




OEAO 


O2F0 


5UBn£»Ut 


0EA5 


O2F0 




0EA5 


02FO 


LOCATE 25,l:PRI)n SPACE! (39) i 


CEC2 


o:fo 


OK m\sm eosuB «ekui, Wfist 


OEDl 


02F0 




OEOl 


02F0 


FOR 1*0 TO i 


OEOB 


02FO 


RE AO KEHUSdl 


0EF2 


O2F0 


LOCATE 25,lIi6»*2iPRINT REKUJd); 


ora 


02F0 


NEXT I 


am 


02F0 




mh 


02F0 


READ nAIITEH 


0F4D 


02F4 


ITEH « 0 


or57 


02F4 




0F57 


02F4 


HEVlTEfl: 


0F5C 


02F4 


EOSUB HEVITEItBOI 


0F&2 


02F4 






02F4 


MEITITEK; 


' 0Fi7 


02F4 


BOSUB ITEr.S£WCH 


OF^D* 


02F4 


IF M = CKR51131 TrSN RETVRH:* ITER his correct 


0FB4 


02F4 


IF mrnV < 2 TKEH 8£EP:80T0 KEXTITEK 


OF^A 


02F4 


IF ftsctniciifi$,:,n» • 75 then bgto left;r 


OFB& 


02f4 


IF ASClKlDn6J,2,l)) « 77 THEN BOTO R16HTAR 


0FO2 


02F4 


BEEPiSOTO HEITITEK 


OFD? 


02F4 




0FB9 


02F4 


LEFTAR: 


0FT3E 


02F4 


IF im » 0 THEN GOTO KHTITEJi 


OFEE 


02F4 


BOSUB ITEKBOXERASE 


0Ff4 


02F4 


ITEM • ITEH - I 


1003 


02F4 


60T0 KEVITEH 


1007 


02F4 




1007 


02F4 


RIBHTARi 


lOOC 


02F4 


IF ITEJ^ » MXITEK THEM BOTO KEITITEH 


lOlF 


02F4 


BOSUB ITEnBOIERASE 


1025 


02F4 


ITE« » ITER ♦ \ 


103^ 


02F4- 


GOTO Kr.lITE» 


103B 


02F4 




103B 


02F4 




1030 


02F4 


RESTORE m 


4044 


02F4 


KETURS 


1048 


02F4 




1048 


02F4 


iOU2: 


t04D 


02F4 


RE5TCRE m 



3B 



